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BRONTES, A STUDY IN MARTIAN ‘CANAL’ DEVELOPMENT. 


PERCIVAL LOWELL. 
FOR POPULAR ASTRONOMY. 

At the opposition of Mars in 1903 the planet was held under 
observation at Flagstaff almost continuously for a period ex- 
ceeding six months. Out of this long study perhaps the most 
valuable result was the evidence afforded of the behavior of 
the so-called canals, that gossamer net-work which lies drawn as 
a veil over the face of the planet from top to bottom. For mesh- 
ing alike the ochre and the blue-green the plexus of lines be- 
spreads completely every part of the disk and whatis more 
bears impress of being a something sequent to the main 
markings themselves. Superior to considerations of light areas 
or dark the system envelops the surface as a whole and is be- 
holden to the ground-work only for the positioning of its knots. 
Now the evidence which the observations brought out was that 
this strange net-work grows, and that its mode of growth is all 
its own. 

It appears not only that at every Martian season it is fash- 
ioned afresh but that it is evolved in a manner which to us is of 
most suggestive import. 

The evidence was both general and particular. It came out 
from a consideration of the behavior of all the canals compared 
together, and as such has been exposed in Bulletin No. 12 of this 
observatory. But it also showed forth-rightly in the case of 
individual canals in «i manner quite as conclusive and more 
graphic. One such instance of multa in particulo was the great 
anal called the Brontes. Its intrinsic importance would alone 
render it noteworthy but it also happens to be so placed upon 
the disk as to render it typical of the action it exemplified. 

The Brontes is one of the most imposing canals upon the 
planet. It is 2440 miles in length and connects along a great 
circle two important points upon the surface the Sinus Titanum 
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and the Propontis. The former is situated in latitude 21°N., 
longitude 169°, the latter in latitude 45° S. and in longitude 
some 12° farther east. In consequence of this relatively slight 
easting the canal may be said to run its course along the meridian 
or in the direction of pole to pole, an important point as we shall 
see in the theory of its development. Its course carries it from 
the north temperate zone across the equator into the planet’s 
south tropic belt. It thus lies for two-thirds of its way in the 
one hemisphere and for the remaining one-third in the other. 
A second important fact, this, in the matter of its evolution, as 
we shall also presently perceive. 

From its appearance during the latter months of the opposi- 
tion of 1901, or rather from the lack of it, it was plain that the 
‘anal was then, for some reason, ina particularly inconspicuous 
state. It was not at all the evident marking it had proved in 
1894 and 1896-7. Instead of being a landmark to tie up to as 
it was then, it could hardly be recognized at all. And this obli- 
teracy was not due to any mist:tke in identity; for the Titan with 
which it might have been coufounded was evident though in like 
plight. Judged by their former selves neither canal showed as 
more than its own ghost. Something, and, from comparison of 
the Martian times of year, something seasonal, had operated 
to its temporary extinction. In this state of eclipse it, with 
the departing planet, passed from view. 

With the first presentation of its longitudes in 1903 it was but 
dimly to be made out and that only in its northern part: where- 
as the Pallene and the Dis were strongly marked; showing that 
it was not then a conspicuous object. This was on January 21 
to 25 or inthe Martian calendar 365 days before the winter solstice 
of the northern hemisphere. The disk was then, it is true, of 
difficult decipherment and that the canal was not conspicuous 
was only to be expected unless it had been of the first evidence. 
Such clearly was not the case. 

At the time when its longitudes again came round to be tavor- 
ably placed, or with the next presentation of its part of the 
planet as it is technically called, in February details were much 
sasier to make out owing to the approach toward us of the 
planet in the interval. Several canals were now to be seen and 
among them the Brontes. But it was now clear that it was not 
one of the conspicuous ones. Quite secondary to the canals 
north of it, the line was not to be compared for intensity with 
the Arion, the Helicon and the Dis. In good seeing, however, it 
was visible its whole length; a single line of somewhat hazy 
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definition contrasting with the sharp, dark forms of its northern 
congeners. (Fig. 1) (See Frontispiece. ) 

Steadily the planet approached the Earth and when the next 
presentation came round, had come so much nearer that canal 
detail should have been easily seen. But such with the Brontes 
was not the case. Although the northern canals showed as they 
had at the last presentation the Brontes was now invisible or 
visible only from the Propentis as far south as Eleon, the point 
where the Erebus crosses its course. The first of these phases is 
figured in the drawing of March 30, (Fig. 2); the second in that 
of April 3, (Fig.3). Now the first date was 31 days after 
the summer solstice of the northern hemisphere or 299 days be- 
fore that of the southern one—corresponding to July 6 on Earth. 
Similarly the second was 35 days after and 295 before the two 
solstices respectively—or July 7. This proved to be the canal’s 
dead-point, the time of its minimum visibility. 

After this the canal began to gain. By the May presentation 
it was already decidedly more evident not only in tone but in the 
amount of it to be detected. It could now be traced beyond the 
Eleon south, sometimes as far only as the Orcus, (Fig. 4), 
sometimes all the way to the gulf, (Fig.5). The northern part 
was now fairly strong while the southern was faint and fleeting 
in the few times in which it let itself be caught (Fig. 5). It thus 
showed itself to be stretching out southward and simultaneously 
to be darkening over what ground it had previously gained. In 
June the seeing was not favorable at the proper moment for such 
tenuous detail and the canal was not recognizable except in its 
stronger northern part. In July, however, it had so far deepened 
in tone as to prove above being passed by even under poor con- 
ditions of air and distance. It now stood forth quite evidently 
the whole way to the Sinus Titanum. The condition it pre- 
sented is portrayed in Fig. 6. 





On comparing its shift in impressiveness with the distance of 
the planet from us during the seven months through which its 
appearances were recorded, a distance whichis reflected inversely 
as the size of the apparent disk, it will be perceived that the one 
went down as the other went up and vice versa. The marking 
behaved exactly asit should not have done were distance re- 
sponsible for its varying visibility. This is a fortunate circum- 
stance for the interpretation of its conduct. For it at once 
eliminates the chief extrinsic cause of variation directly and 
further helps indirectly to minify others. But these, too, elim- 
inate themselves. They are the phase and the seeing. Now 
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the phase under which the disk was seen was greater and there- 
fore least propitious at the two ends of the period and so should 
have made the canal harder to see at the very times it was most 
conspicuous. The secing was more nearly even but was cer- 
tainly worse in July thanin May. Weare thus left without ex- 
trinsic causes to account for the canal’s fluctuations. And the 
inference is inevitable. The canal changed for cause intrinsic to 
the planet; it declined and then grew in visibility because it 
really declined and then increased in strength. This is the first 
point disclosed by the drawings. 

But we may go further. The examination above has been 
qualitative; we may now proceed to a quantitative one. Ateach 
presentationa good many drawings were made and from these it 
is possible to determine for each epoch the relative visibility of the 
sanal—and similarly for such part of it as we may choose to 
consider. The relative visibility is given by the percentage of 
drawings in which the canal wasdepicted to the number of draw- 
ings in which it might have appeared, according to the method 
described in Bulletin No. 12. For the present purpose the canal 
was considered in five sections: the first from the Propontis to 
Semnon Lucus; the second from Semnon Lucus to Eleon where 
the Erebus crosses it; the third from Eleon to Utopia where it 
meets the Orcus; the fourth from Utopia to a point half way 
from the Orcus to the Sinus Titanum in latitude 12° S.; and 
the fifth from that point to the gulf. The canal is thus divided 
into five parts of roughly equal length. From the percentages of 
visibility found for each of them for their successive presenta- 
tions a curve of visibility was then constructed foreach called the 
-anal’s cartouche. These cartouches are severally figured in the 
following cut. 





The abscisse represent the time, in days after the summer 
solstice of the planet’s northern hemisphere; the ordinates, the 
visibility. On the latter the black dots point the percentages un- 
corrected for seeing, the encircled ones the same corrected. The 
latitudes given are the mid-latitudes of the several parts. The 
number of drawings used was, according to presentations: 


Jan. 21 to 25 12 drawings 
Feb. 23 to Mar. 2 15 _ 
March 28to April5 14 43 
April 26 to May 8 27 yee 
June 3 to 16 6 25 
July 11 to 21 16 = 





90 drawings in all. 
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The cartouches thus depict quantitatively the varying visibility 
of the canal, a downward slope denoting decrease in conspicu- 
ousness, an upward one, increase in patency. ; 

Examining them we perceive first that at the opening of ob- 
servations the northern end of the canal was more evident than 
the southern which bears out what we found qualitatively; the 
southern end not being visible at all. It next appears that the 
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fore least propitious at the two ends of the period and so should 
have made the canal harder to see at the very times it was most 
conspicuous. The secing was more nearly even but was cer- 
tainly worse in July than in May. Weare thus left without ex- 
trinsic causes to account for the canal’s fluctuations. And the 
inference is inevitable. The canal changed for cause intrinsic to 
the planet; it declined and then grew in visibility because it 
really declined and then increased in strength. This is the first 
point disclosed by the drawings. 

But we may go further. The examination above has been 
qualitative; we may now proceed to a quantitative one. Ateach 
presentationa good many drawings were made and from these it 
is possible to determine tor each epoch the relative visibility of the 
sanal—and similarly for such part of it as we may choose to 
consider. The reletive visibility is given by the percentage of 
drawings in which the canal wasdepicted to the number of draw- 
ings in which it might have appeared, according to the method 
described in Bulletin No. 12. For the present purpose the canal 





was considered in five sections: the first from the Propontis to 
Semnon Lucus; the second from Semnon Lucus to Eleon where 
the Erebus crosses it; the third from Eleon to Utopia where it 
meets the Orcus; the fourth from Utopia to a point half way 
from the Orcus to the Sinus Titanum in latitude 12° S.; and 
the fifth from that point to the gulf. The canal is thus divided 
into five parts of roughly equal length. From the percentages of 
visibility found for each of them for their successive presenta- 
tions a curve of visibility was then constructed foreach called the 
canal’s cartouche. These cartouches are severally figured in the 
following cut. 

The abscisse represent the time, in days afier the summer 
solstice of the planet’s northern hemisphere; the ordinates, the 
visibility. On the latter the black dots point the percentages un- 
corrected for seeing, the encircled ones the same corrected. The 
latitudes given are the mid-latitudes of the several parts. The 
number of drawings used was, according to presentations: 


Jan. 21 to 25 12 drawings 
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April 26 to May 8 27 ee 
June 3 to 16 6 + 
July 11 to 21 16 ” 





90 drawings in all. 
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The cartouches thus depict quantitatively the varying visibility 
of the canal, a downward slope denoting decrease in conspicu- 
ousness, an upward one, increase in patency. 

Examining them we perceive first that at the opening of ob- 
servations the northern end of the canal was more evident than 
the southern which bears out what we found qualitatively; the 
southern end not being visible at all. It next appears that the 
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northern end faded out, the southern parts not changing per- 
ceptibly because of being already as inconspicuous as possible. 

About thirty-three days after the summer solstice of its hem- 
isphere the most northern section, Section I, had reached its 
minimum and from that time began to increase. This section 
left the Propontis from an oasis at its eastern end which I have 
called for distinction’s sake the Propropontis and edged what is 
at times the eastern side of the Propontis as far as Semnon 
Lucus. Its mid-latitude was 40° N. Section II attained its 
dead-point nine days later or forty-two days after the summer 
solstice. Its mid-latitude was 28° N. After this it, in its turn, 
started to strengthen. Section III, mid-latitude 12° N., followed 
suit, passing its dead-point forty-seven days after the summer 
solstice. Section IV did so fifty-three days after and finally 
Section V rounded to its upward curve seven days later or sixty 
days since the planet had passed its solstice. 

Except that the northern curves never descended so low, all 
the cartouches bear a family resemblance to one another. All 
sank slowly to their respective minima and then rose more 
sharply from them. Whatever the force then that acted on the 
several sections of the canal it was substantially the same for 
all. At first a previous impulse was on its way to dying out 
when this was succeeded by the advent of a fresh action. 

The force came upon the several sections successively. With 
the most northern it started in to act thirty-three days after the 
solstice, with the next forty-two after and so on until the last 
was not quickened till sixty days after that epoch. The force 
was, therefore, one whose action depended upon the latitude and 
coming into play from the north decended the latitudes south- 
ward. 

Now if we compare such latitudinal protrusion of darkening 
in the canal with the darkening of the canals generally on the 
planet (Bulletin No. 12, Lowell Obs’y) we shall note a parallel- 
ism in the dates of the action in the two cases. The dates of 
quickening of the mean canal at latitude 40° S. was twenty-five 
days after the summer solstice; that at jatitude 15°S. seventy- 
two days after it. That is the several sections of the Brontes be- 
haved as independent canals did over the planet. Within the 
errors of observation the behavior of the individual canal 
counterparted and reproduced in its own case that of the canals 
generally. Each of the two determinations from the mass of 
drawings, that of the Brontes considered alone and that of the 
ensemble of the canals, confirms the other. Consequently the 
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theory which was advanced in that Bulletin to account for the 
phenomena finds itself pro tanto strengthened. 

In advancing this theory I need hardly call attention to the 
limits under which it makes claim to consideration. No theory 
~an be considered established until the evidence for it becomes 
convincing; a theory unlike a theorem being incapable of math- 
ematical proof. All the facts can do is to render it probable. 
With this proviso I submit the present one to the judgment of 
futurity. 

The explanation starts at the melting of the polar cap. Out- 
side of the polar cap there is no preceptible body of water upon 
the planet. The only surface water the planet knowscomes from 
the melting of the polar cap. That the substance composing the 
cap is frozen water is 1n line with our physical knowledge. No 
other substance known to us eveu superficially resembles it ex- 
cept CO, and the phenomena of the melting show conclusively 
that the substance cannot be CO, (see Annals Vol. 1). The canal 
system connects with this polar cap and the canals abutting in it 
begin to darken after the melting of the cap. And they do this 
successively down the disk in proportion to their distance from 
it. The source of the darkening is presumably, therefore, either 
water or the effects produced by the advent of water. That 
what we see is not water seems proved by the amount of time 
taken. The action is longer in coming on than with water would 
be the case. We are, therefore, left with the alternative: that the 
darkening of the canals is due to the indirect effects of water. 
The indirect effects of water would be a quickening of some sort 
of vegetation. And this supposition tallies with other phenom- 
ena disclosed by the planet. We are, therefore, led to the conclu- 
sion that the canals are strips of vegetation quickened from the 
melting of the polar cap. 

So soon as we adopt this explanation we perceive that it 
perfectly explains what we see. The canals quicken down the 
disk in due course after the water reaches them; the other factor 
necessary to sprouting, the Sun being already there. It is already 
very nearly mid-summer in that hemisphere. Growth, therefore, 
waits upon the coming of water, alone. And the growth takes 
place in time just as it would were it dependent upon such supply. 
It occurs successively farther and farther from the source, the 
polar cap, at the average rate of 2.1 miles per hour, a very 
probable speed for water to take. 

So far, then, this theory fulfils all we can ask of a theory: that 
it perfectly accounts for the facts and is not contradicted by 
any phenomena so far observed. 
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But the phenomena lead us toa further conclusion of a more 
striking character. If natural forces alone were concerned, the 
action should stop at the equator. Forthe force that brought 
the water from the pole to the equator would there have its 
action reversed. For we are not dealing here with a frictionless 
motion in which the inertia would be preserved. Now the action 
continues cheerfully on in supreme disregard of the equatorial 
line of demarkation, into the planet’s other hemisphere. The 
southern sections of the Brontes took up their development in 
perfect continuation of the northern ones. No way appears in 
which this could happen without the intervention of intelligent 
force; and we conclude thit the canals are in their origin and 
office of artificial construction. 





GRAVITATION. 
F. J. B. CORDEIRO. 


For POPULAR ASTRONOMY. 

The fact that the Earth draws all bodies to itself was probably 
the first physical observation of primitive man. Its subsequent 
generalization to all bodies in the universe by Newton still left it 
where it was before and where it remains today, one of the pro- 
toundest mysteries of nature. But it is a characteristic of man- 
kind that no matter how profound a mystery may be we can 
never cease striving or wanting to know the cause. To this end 
numerous theories of gravitation have at different times been 
propounded but thev have all fallen to the ground of themselves 
as palpably inadequate. 

It is not expected therefore that in the following pages we shall 
succeed in solving this enormous problem. They are intended 
merely as a preliminary discussion which possibly may give a 
clue to some satisfactory explanation. For we cannot doubt 
that some time a definite solution will be arrived at and this can 
only be brought about by the earnest endeavor of many minds. 

A curious laboratory experiment furnishes us with a strange 
analogy to Gravitation. It must be premised that an analogy 
is not necessarily an identity, but such may be the case and it be- 
hoves us to examine carefully if such may not be or is actually 
the case in the phenomenon under consideration. 

If we suspend two tuning forks near each other and set them 
vibrating, they will attract each other. If they cease vibrating 
attraction ceases andif we place them in a vacuum notrace of the 
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phenomenon is preceptible. We have here as great a mystery as 
that of Gravitation and seemingly analogous. Why do the forks 
attract each other? For the present we may say we do not 
know, but certain facts we have elicited we can state positively. 
The attraction is brought about in some way by means of the 
surrounding medium—the air, and this air must be set in motion 
to produce the phenomenon. Now we know something of the 
kind of motion set up in air by tuning forks. This consists of 
sound waves and these sound waves springing from each fork 
beat upon the other and in some manner must exert a force tend- 
ing to bring the two forks together. One thing was a priori 
clear, and that without our experiment, viz., that action at a 
distance between the forks through nothing was impossible. It 
will be understood that we are entering here into no metaphysical 
speculation as to what force is, or what nothing is, but merely 
state a self-evident fact 





an axiom—that without the interven- 
tion of a medium—a material substance—no action between the 
forks could have taken place. And we can with equal certainty 
affirm that Gravitation, no matter what the nature of its action 
may be, can only take place through the intervention between 
to bodies of a medium—a material substance. In other words, 
action at a distance through nothing is impossible. We can 
further state that motion (attraction) can only be produced by 
motion and theretore that a body can only act upon another 





distant body by means of a surrounding medium and only 
through the motion (of some kind) of this medium. 

Let us continue our experiments with the tuning forks some- 
what further and then endeavor to explain their action. If we 
place a balloon filled with carbonic anhydride in the neighbor- 
hood of a vibrating fork it will be attracted. If we place a 
balloon filled with hydrogen in the neighborhood of a vibrating 
fork it will be repelled. By using a number of different substances 
we can convince ourselves of the following law which I believe is 
due to Guthrie. Substances denser than the intervening medium 
are attracted by a vibrating fork; substances less dense are re- 
pelled. 

Let us now attempt to explain this action. A wave in an 
elastic medium is propagated in a definite direction by a series of 
alternating compressions and rarefactions. It can be approxi- 
mately and usually is represented by a sine curve as in the 
figure. 

Vet Figure 1 represent a series of waves travelling from right 
to left. The ordinates drawn represent the semi-amplitudes of 
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the vibrations and the horizontal line the time, of whicha length 
OP is taken equal to 2 7. Wecan consider that the crests of the 
waves represent the points of maximum compression and the 


Fic. 1. 

hollows—below the line—the points of maximum rarefaction. 
It is hardly necessary to point out that this shaping of a medium 
into waves is due to two inherent properties of matter viz., in- 
ertia and elasticity. When a medium receives a sudden impulse 
it cannot immediately take up the energy imparted to it kineti- 
cally, because of its inertia. The energy is temporarily stored up 
potentially in the form of an elastic compression and is thus 
passed along as an alternating series of potential and kinetic 
energies. The medium is rapidly strained and rapidly unstrains 
itself and thus the disturbance is propagated with a definite 
velocity depending upon its inertia or mass, and its elasticity, 
and to a less degree on the period and amplitude. 

Since the ordinates in Fig, 1 represent the pressures of the 
medium at any instant along its path, it is evident that the in- 
clination of the tangent to the curve at any point to the hori- 
zontal, or - 5 will represent the resulting pressure at that point 

dx ; 
both in magnitude and sign. Where this tangent is steepest the 
change of pressure is greatest. At the crests and in the hollows 
the change of pressure is nil. Any material substance therefore 





in the path of the wave will be subjected to varying pressures 
pressures which will vary with its position and the time. 

Now the particles of the medium itself yield to these varying 
pressures, urged first in one direction and then backwards. They 
will perform small excursions backwards and forwards—oscilla- 
tions, which are in general very much smaller than the wave 
lengths, but there is no general translation of any portion of the 
medium. It remains practically in the same place with only a 
slight oscillation about a centre of equilibrium. 

We have said before that waves of all kinds are usually repre- 
sented by the symmetrical sine curve we have pictured in Fig. 1. 
But such is not actually the case in nature. A periodic sound 
moulds the air into waves whose shape is quite different. We 
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can examine the shape of sound waves at our leisure by means 
of Koenig’s manometric flames. They are here seen to be as in 
Fig. 2. 


Fic. 2. 


That is, the crests are all pointed forward and the hollows 
pointed backward something like the teeth of a saw. The 
period of compression is accomplished more quickly than the 
period of expansion—the face of the wave is steeper than the 
back. The total pressure exerted by the front of the wave in 
passing a given point is exerted for a shorter time than that ex- 
erted by the back of the wave and these pressures are exerted in 
opposite directions. We shall not attempt here a complete dis- 
cussion analytically of this peculiar wave shape in all homo- 
geneous media, because it would be out of place in the present 
paper. Suffice it tosay that it depends upon two causes. The 
motion of inertia of a particle of the medium is more quickly 
overcome during the compression stage than durmg the expan- 
sion stage because it is opposed by a greater resistance in the 
first case than in the latter. Added to this the composition of 
the motion of oscillation with the wave motion would tend to 
give the crests a forward tilt. We might also add that the 
thermodynamical effects of compression and rarefaction would 
work in the same direction. 

But before we consider the effect of the pressure of such a 
peculiarly shaped wave upon any material particle lying in its 
path, let us examine the oscillatory motion of the particles of 


Fic. 3. 
the medium itself. For this let us use a hypothetical symmetrical 
sine wave, although we know that such do not exist in nature. 
Let Fig. 3 represent such a wave and P a particle of the medium 
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which has just finished its backward swing and is therefore at 
rest previous to being urged forward by the front of the wave, 
which is travelling from right to left. We can write the equa- 
tion 


p=ksint=m = 


where m is the mass of the particle, p the pressure to which it is 
subjected, t the time and k is some constant. 
Intergrating this we have 
— kt —k sint 
m 
The particle will be urged to the left while it is in front of the 
wave i.e. from its initial position in the hollow of the wave until 
the arrival of the next crest. Therefore 
kr 
m- 
Starting from a position of rest at the crest of the wave, it will 
be urged backwards (to the right) until the arrival of the suc- 
ceeding hollow. It is easily seen that in this case 


kz 
s 
m 
Now let us suppose that the particle is composed of some ma- 
terial denser than the average density of the medium, and that 
its mass is M. It would be urged to the left by the front of the 


| 


wave a distance s , Which is less than the corresponding 


x 7 
M 
portion of the medium is sent. Consequently the front of the 
wave would have passed it in less time than it takes to execute 
a half wave in the medium, which is z. The pressure of the front 
of the wave would have acted upon the particle only for the time 
{1 >" 
. \m M P 
Conversely, the pressure of the back of the wave would act 
upon the particle for a longer time than it takes to execute a half 
wave in the medium. The time of action here would be 
re 44 
\ m M/ 
Consequently, during the passage of a single wave there would 
be a resultant pressure backward acting for a time equal to 
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It will be easily seen that it the particle has a density less than 
that of the medium, it will be urged in the direction of wave mo- 
tion and all the formule above hold good. 

Now no waves are found in nature having the shape of a sym- 
metrical sine curve, but if we deform our sine curve into the 
shape of actual waves we shall have to deform our formulz also, 
if we may use the expression, to correspond. It will be easily 
seen that the result of such a deformation will be to increase the 
resulting effect which follows from the simple sine curve. 

To return then to our tuning forks, we see that the front of a 
sound wave striking a heavy body tends to repel it, while the 
back of the wave tends to push it back. In a simple sine curve 
these forces would be equal and would act for equal intervals of 
time on a particle of the medium, but in the actual waves of 
nature they are such that, though not equal in time or intensity, 
the particles of the medium oscillate about a fixed position of 
equilibrium. 

On particles denser than the medium, the effective backward 
acceleration exceeds the forward acceleration and such bodies 
are therefore urged in a direction opposite to that of the wave 
motion. On particles less dense than the medium the effective 
forward acceleration exceeds the backward acceleration and such 
bodies are urged along with the wave motion. 

Whether we are now justified in attempting to take the step 
from our explanation of the attraction of tuning forks to a 
similar explanation of the attraction of Gravitation, is a ques- 
tion. We have seen that the force of gravity, whatever its 
nature may be, can only take place through the motion of an 
intervening medium. This medium must be the ether and the 
only motion in it conceivable that will explain observed phenom- 
ena in a wave motion. When we attempt to form an idea of the 
nature of these gravitational waves we are at once met by a 
difficulty. Very small ether waves such as light are obstructed 
by dense bodies; longer waves pass without much difficulty. As 
far as we know all bodies are transparent to gravitational 
waves though this may not be absolutely the case. All bodies 
are continually sending waves out into space and this wave en- 
ergy is proportional to the total internal kinetic energy of the 
body. 

We see that other conditions being equal the attractional force 
between two bodies must be proportional to the product of their 
masses. Again the space law, or so-called geometrical law must 
hold, viz., that the dissipation of energy must be inversely as the 
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square of the distance to which it is propagated. We can write 
at once then the Newtonian law 


M M! 
Dp? 


But it seems probable that the law is not so simple as that ex- 
pressed by this formula. The total internal kinetic energy ought 
to be a factor as well as the mass. 

Pursuing this view of gravitation we see that a number of 
consequences immediately follow. Some physicists have held 
that the atmosphere can have no upper limit, but must extend 
indefinitely into space. Its density under the influence of the 
Earth’s attraction decreases rapidly according to a logarithmic 
law. If we accept the estimates of Kelvin and Graetz that the 
ether has a density 10—" times that of water,it is found that 
the atmosphere acquires a like density at a height above the 
surface of something like 210 miles. Beyond this limit it is less 
dense than the ether and therefore is repelled. There is thus a 
dissipation of matter analogous to what is knownas the dissipa- 
tion of energy. We are losing our atmosphere therefore, slowly 
it is true but none the less surely. The Moon according to this 
view, Owing to its small attractional force, has long ago lost its 
atmosphere. A similar repulsion of extremely tenuous matter is 
probably also taking place from the highest layers of the Sun’s 
atmosphere. We know that the tails of comets are composed 
of extremely tenuous matter, and their repulsion by the Sun is 
readily explained. 

It has been noticed that where a body possesses a double mo- 
tion,—that of rotation on its axis and of revolution about an- 
other body, the motion tends to assume its simplest possible 
form viz., where these two periods coincide. This is notably the 
case in our own satellite and is probably the case with all 
satellites as well as with the planets nearest the Sun—Mercury 
and Venus. Where these periods are not identical, one half of 
the body is always moving towards the central attracting body 
while the other half is always moving away from it. Since our 
gravitational force isessentially a‘Vis a Tergo,’ it will be seen that 
our advancing halfis moving with this gravitational force while the 
retreating half is moving against it. Under these circumstances 
the force applied to the retreating half will be greater than that 
applied to the advancing half, and therefore a couple will be set 
up tending to bring the two periods into coincidence. Whether 
we are on the right track here or not of a true explanation of 
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gravity one point remains clear, viz., that the former conception 
of instantaneous action at a distance through nothing is impos- 
sible. 





NEW DOUBLE STAR MEASURES. 
S$. W. BURNHAM. 


FoR POPULAR ASTRONOMY 

A valuable and interesting series of double star measures has 
just been issued by the Royal Observatory at Belgium. The ob- 
servations were made by G. Van Biesbroeck with the 15-inch 
equatorial during the years 1903 and 1904, of a wisely selected 
list of pairs from the Dorpat and Poulkowa Catalogues, with a 
few !rom the lists of more recent discoveries. Each pair is ob- 
served on two or more nights, and the mean result given. The 
measures appear to have a high order of accuracy, and in many 
instances have a special value at this time because of the absence 
of late observations. The promptness with which this work, 
consisting of 144 quarto pages, has been issued deserves special 
commendation. In many cases the value of a good piece of 
micrometrical work is materially lessened by long delay in its 
publication. The arrangement of the material is excellent, and 
in the form now generally used by modern observers. In one re- 
spect it would have been more convenient if the notes which are 
given at the end of the volume had been placed with the stars 
to which they relate. Detached notes in any publication are sure 
to be more or less overlooked and ignored, and it is very rare 
that any necessity exists for separating the material in this way. 

In a few instances where the Bode constellation numbers used 
by Struve are given, they are erroneously printed as the Flam- 
steed numbers are printed, being placed before the constellation 
name. For instance, = 2525 is called 22 Cygui. If one should 
try to find the Struve pair by setting on 22 Cygni, he would sup- 
pose that the Russian astronomer had blundered in his place or 
identification. Asa matter of fact this pair is correctly given by 
him as Cygni 22, which has quite a different place in thesky from 
the other. > 2799 is called 20 Pegasi, but that star is at least a 
dozen degrees from the Struve place, and is an entirely different 
double star, being H 289. Struve has properly given his pair as 
Pegasi 20. There are many examples in the double star lists of 
the same number from Flamsteed and Bode being attached to 
prominent stars. Forexample, = 2411 is Aquile 11, while 11 
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Aquile is = 2424, and a considerable distance away. 2496 is 
Crygni 9, but 9 Cygni is at least 25° distant, and when found 
will turn out to be the double star, H 1423. 3 2522 is Cygni 18, 
but if the number is printed first, it belongs to and identifies = 
2579. X 30 is often printed 49 Cassiopeize. If the observer 
should rely upon the correctness of that designation, and get the 
place from a star catalogue, he would find a very different pair, if 
he was able to see it at all, which would prove to be £ 785. 
In Mensurz Micrometricze > 2445 is properly called Vulpecule 1, 
while 1 Vulpeculze is H 2862. Herculis 32 is % 2024 rej. but 32 
Herculis is B 818. 

Many other examples of this kind might be cited, all more or 
less familiar to every one acquainted with the subject matter, 
and yet a large and highly respectable class of important works, 
relating to stars and double stars, issued by prominent institu- 
tions, entirely disregard the distinction between the Flamsteed 
and Bode constellation numbers, although the correct way of 
writing these designations was established nearly if not quite a 
century ago. In the great Dorpat catalogue where many of the 
Bode numbers are given, they are always distinguished from the 
Flamsteed numbers in the way I have indicated, the latter in- 
variably preceding the constellation name, and the Bode number 
following it. Of course the Bode numbers are no longer given to 
stars which are now listed for some special reason, but they will 
necessarily be retained when given in the catalogues of the 
Herschels and Struve, and when so used, should be properly 
written. 

These remarks have no special reference to the admirable work 
first referred to in this note. I have merely taken this occasion 
to call attention ‘to a simple, but needed reform in many _ publi- 
cations relating to this subject. It is to be hoped that this new 
observer, whose ability and zeal in this field is beyond question, 
will continue micrometrical work, and give us the results as 
promptly as he has done in this publication. 

CHICAGO, ILL. 





COMMUNICATION ABOUT THE DIAZENITAL.* 





FR. NUSL AND JOSEF FRIC. 


As a result of our studies on the theme: in how far the level by 
determination of time and latitude can be corrected by the ob- 
servation of a star and its reflection in the mercury horizon by 


* Translated by Miss Isabella Watson, Carleton College, Northfield, Minn. 
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means of two conveniently inclined mirrors, we discovered a new 
combination which seems to us of such interest that we have de- 
cided to publish a short preliminary notice about it. 

In the circumzenital and radiozenital the first image is formed 
by rays which are reflected once only from a mirror; the second 
image, by rays which, before a similar reflection from a second 
mirror, have already been reflected from the surface of a quick- 
silver horizon. The intersection of the double image takes place 
in the field of vision in a vertical direction. The observing tele- 
scope is rotatory around a vertical axis in a horizontal plane. 

In the new instrument which we call the diazenital, the rays re- 
flect themselves only once from the mercury horizon; the rays 
which fall upon the two mirrors force themselves into the tele- 
scope after doubled, opposite reflection. The images move op- 
posite to each other in a horizontal direction. The observing 
telescope rotates about a horizontal axis ina vertical plane. In 
all three zenital apparatus the intersecting line of the mirrors is 
horizontal and perpendicular to the axis of rotation of the tele- 
scope. 

Figure 1 makes evident the manner in which in the new instru- 
ment the two mirrors are arranged above the mercury horizon; 
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they are inclined and are distant from each other by about the 
third part of the diameter of the object-glass of the observing 
telescope. The angle at which the two mirror-planes intersect 
amounts to 90° and can be more or less accurately adjusted, 
when required, by means of micrometer screws. Through this 
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correction the rays which fall from the star F remain after the 
double, opposite reflection more or less divergent, and form on 
that account in the telescope T two images more or less distant 
from each other. That part of the rays which fall directly on 
the mercury form after one reflection a third picture (image) in 
the telescope, which, as is shown in what follows, comes in the 
middle between the two others as soon as the star passes the 
vertical which coincides with the dividing line of the planes of 
the mirrors. 

On the sphere (figure 2) ACBD indicates the plane of the 
mercury horizon and AMB and ANB the planes of the two 
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mirrors. An optional semi-circle AEB above the horizon is 
mirrored in two ways; first in the surface of the mercury as a 
semi-circle AeB symmetrical to the horizon; and second, after 
reciprocal reflection and with the supposition of an exactly 
perpendicular position of the mirror-planes to each other, as a 
semi-circle AE'B which completes the semi-circle AEB to the 
full circle AEBE'. If the right angle be changed by + a, then 
AE'B divided into two images AE,B and AE,B symmetrical 
to AE'B and at a distance of 4a from each other. 

If astar F is in the semi-circle AEB then their result through 
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reflection in this manner, the single image f and the double im- 
age F, F, at the same angular distance from A as the star F. If 
this star draws nearer the vertical AZB then the images f and 
F,F, move toward one another and as soon as F is directly in 
the vertical AZBthe distance F,F, is bisected by f. If the line 
of intersection AB be not exactly horizontal, then the images 
pass not through but by one another; every deviation from the 
horizontal is therefore immediately noticeable and can be cor- 
rected by the micrometer. 

If the system of the two mirrors revolves in common around 
the line of intersection AB then the position of the images F, 
F, remains unchanged. By change of the opposing inclination of 
the mirrors (e. g. through temperature) both images undergo op- 
posite equal displacements; the moment of bisection is likewise 
not affected by it. 

Thus the diazenital furnishes in any desired vertical the possi- 
bility of absolute determination of transit uninfluenced by any 
instrumental error. 

In our astronomical experiment station in Oudrejov (near 
Prague) we have set up a rather large instruinent (3-in. objective) 
constructed according to these principles, and an announcement 
of the results achieved will appear in our next publication. 

PRAGUE, July 2, 1904. 





OUR PRESENT KNOWLEDGE OF THE CONDITION OF THE 
SURFACE OF THE PLANET JUPITER. 
G. W. HOUGH. 
FOR POPULAR ASTRONOMY. 

When the telescope had been constructed of sufficient power to 
observe the surface of the planets there were seen on the disk of 
Jupiter dark belts of somewhat irregular outline, which appeared 
of cloudlike form, and hence the conclusion that they were clouds 
floating in the atmosphere of the planet. Ina recent text book 
on Astronomy, observations made under favorable atmospheric 
conditions with a large telescope, are quoted in support of the 
ancient hypothesis. “In short it would appear that were it not 
for the insignificant light gray veil of brown clouds we should 
find the surface of Jupiter like that of most of the other planets 
in the Solar system, a perfect blank.” 

When we consider that a surface of 1,000,000 square miles is 
the smallest object one is likely to notice, and that the objects 
observed on Jupiter are usually more than ten times this area, it 
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Condition of the Surface of Jupiter. 


is obvious that the conclusions regarding the nature of the sur- 
face of the planet cannot be determined by a glance through a 
telescope. 

Before the telescope had been constructed of sufficient power to 
show the rings of Saturn definitely, the projections or handles 
seen on either side of the planet were found to disappear at 
definite intervals. The consideration of this phenomena led 
Huygens to conclude that the planet was surrounded by a thin, . 
flat ring which disappeared when the edge was turned. towards 
the eye of the observer. 

Now owing to the great distance of the planets, it is obvious 
that the nature of the surface cannot be ascertained by direct 
observation, but must be inferred from the changes which are ob- 
served. For this purpose one must have precise data extending 
over a considerable interval of time. Deductions drawn trom a 
limited number of facts or incomplete observations are of little 
value and generally will lead to erroneous conclusions. 

When I began the systematic study of the surface of the planet 
Jupiter it was universally conceded that the phenomena were ex- 
ceedingly transient, and that there was no permanency regarding 
the condition of the surface. In the history of astronomy and in 
the astronomical text-books, it was stated that new belts would 
sometimes be formed in the course of a few hours, and that after 
the expiration of a month or two the entire aspect of the disk 
might be changed. 

Soon after undertaking my observations on Jupiter I stated 
that the ideas regarding rapid changes taking place on the sur- 
face of the planet were not well established, and that the state- 
ments made were probably the result of mis-interpretation of 
the phenomena seen, and subsequent observations has confirmed 
my contention that some of the phenomena seen on the surface 
of the planet has great permanency, as is now well known to be 
the case. 

When the Atmospheric Theory regarding the surface of the 
planet Jupiter was assumed we had no knowledge of any sub- 
stance between a gas and a liquid. In comparatively recent 
years atmospheric air and various gases have been reduced to 
liquid form, and hence the gap which formerly existed between a 
gas and liquid has been bridged over, and now we may conceive 
of a medium having densities within the limit of atmosphere and 
water. Hence in interpreting phenomena on the surface of a 
planet, at the present day, we are not limited in our reasoning in 
regard to the nature of the surface of the planet as were the 
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ancient observers. The superficial observers of Jupiter do not’ 
seem to realize that the behavior of objects seen on the disk is 
quite different, and no simple conception will enable us to explain 
the various motions and changes observed. 

The most conspicuous object on the surface is the Equatorial 
Belt, situated on either side of the planet’s equator. This belt 
is always visible. The outer edges are usually well defined, and 
are parallel to the planet’s equator. This belt changesin volume, 
color and latitude. These changesare usually slow and gradual, 
and the drift in latitude is such that the belt’s edges remain 
parallel to the planet’s equator. During the last twenty-five 
years there have been two or three exceptions in which one part 
of the belt drifted more quickly than the remaining portion, and 
the edge for a few days was irregular in outline. 

Aside from the Equatorial Belt there are fainter belts in higher 
latitudes both north and south of the equator, which also are 
parallel to the equator and are subject to change both in volume 
and latitude. 

The Equatorial Belt, which may be seen with a comparatively 
small telescope, is sometimes of a very distinctly marked reddish 
color, but more generally it appears brown. In 1879 and for a 
number of years following, the belt was remarkably reddish in 
color. At this time the color was more marked than at any 
subsequent period. In recent years there has been very little red- 
dish color noticeable in the belt but, it usually appears of a 
brownish tinge. 

The cause of the coloris unknown. Mr. Williams has specu- 
lated on the periodicity in the color of Jupiter’s belts, but there 
does not seem to be any regular period either for the position, 
size or color of the belt. It would appear from our studies of 
the past twenty-five years that the periodicity, if any in the 
Jovian phenomena, occurs at irregular intervals and not accord- 
ing to any regular law. It is probably periodic in the sense that 
meteorological changes on the Earth are periodic, that is, the 
intervals are irregular in point of time. 

The diagram, figure 1, will show at a glance the changes which 
have taken place in the Equatorial belt at different times during 
the past twenty-five years. For this diagram the position of the 
belt has been corrected for the elevation of the Earth above the 
equator of Jupiter. 

The Equatorial Belt in 1879 was a single narrow belt extending 
over the equator, and that is the reason I designated the two 
belts on either side of the equator, the Equatorial Belt. 
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Fic. 1, EguatoriaL BELT ON JUPITER. 
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In 1879-80 a rift formed in the middle of the belt and it was 
separated into two parts without material change in the width. 
In 1882 for about two months we had a single belt of great 
width, showing that the belt had drifted in latitude both north 
and south of the equator. In 1896 the belt was made up of two 
parts, the south part having drifted some distance in latitude 
south, whereas the north part was very narrow, almost a line 
about 1” of arc in width. In 1901 we had nearly the same con- 
dition, and in 1902 and the following year the north and south 
portions of the belt were nearly cqual in volume. During the 
past twenty-five years the belt has never been so narrow or so 
near the equator as it was in 1879. 

The diagram, figure 2, shows in detail the position and width 
of the Equatorial belt from 1895 to 1904. The Jovicentric 
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Fic. 2, Posirion AND WIDTH OF EQuaTorIAL BELT ON JUPITER, 1895-1904. 


latitude and distance from the equator are given at the right of 
the diagram; the quantities being corrected for the elevation of 
the Earth above the equator of Jupiter. The heavy black lines 
indicate the observations made each year, the dotted lines con- 
necting them indicate the period when Jupiter was too near the 
Sun for making observations. In this diagram the width of the 
shaded area indicates respectively the width of the north and 
south portions of the belt at any instant. It is readily seen that 
the drift in latitude is sometimes quite rapid, that is during one 
opposition the edge of the belt may drift a number of seconds of 
arc in latitude. The south part of the belt during this period 
has not changed very greatly in width or drift in the latitude but 
the north portion of the belt has changed very materially both 
in width and drift in latitude. In 1896 as may be seen by the 
diagram, the north belt was very narrow, only about one second 
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of are in width, and very faint. In the subsequent year it 
widened out to nearly six seconds of arc, then it became some- 
what narrower and again widened in 1899 and 1900. In 1901 
it became again very narrow and then widened out in 1902 and 
3. In 1904 it became narrow, about 1” of arc in width. 

The drift in latitude of the matter composing this belt is a 
subject of great interest and when considered in connection with 
the drift in latitude of other objects on the disk has animportant 
bearing in determining the nature of the surface of the planet. 

The most conspicuous object in 1879 and for some subsequent 
years was the Great Red Spot. This object was about 27,000 
miles in length and 9,000 in breadth, situated south of the 
equator. It is called the Red Spot on account of its color which 
was very marked in the early years. The spot has kept its shape 
and size with very little change during the twenty-five years that 
it has been under constant observation, but the color at times 
has been so feeble that the object was practically invisible, and 
its position could only be determined by a hollow in the Equa- 
torial Belt directly under the spot. The spot is not a solid por- 
tion of the planet for it has a drift in longitude and in latitude. 
The drift in latitude is very much less than the drift of the Equa- 
torial Belt. In 1879 the south edge of the belt was some dis- 
tance away from the spot, and subsequently the belt drifted in 
latitude to the south until the edge of the belt was in the same 
latitude as the center of the spot. This condition has occurred, 
during the past twenty-five years, for a considerable portion of 
the time. But the curious fact is that notwithstanding the drift 
of the belt the two obiects were never in contact. There was al- 
ways a bay formed in the belt, and a line of separation could be 
seen at all times between the south edge of the belt and the con- 
tour of the spot. 

The variable drift of the spot in longitude, of course, changed 
the apparent rotation of the planet as determined from observa- 
tions of the Red Spot. The rotation of Jupiter from observa- 
tions of the Red Spot in 1879 was 9" 55™ 34%, and this period 
reached a maximum of nearly 9" 55" 42° in 1899, and since 
that time the period has been decreasing. 

Besides the Red Spot we have had smaller dark and white 


spots appear at different places on the surface of the planet, both 
in the northern and southern hemispheres, but the smaller spots 
are not so permanent, and usually are visible only during one op- 
position. . These minor spots give a rotation period of 9" 55" +. 
Occasionally spots of small size have been observed through two 
or three years before they disappeared. 
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The diagram, Fig. 3, shows graphically the rotation periods of 
Jupiter for different latitudes, the results of my observations 
made during the pasttwenty-five years. The scale for Jovicentric 
latitude and distance from the equator in seconds of arc is found 






































Fic. 3, ROTATION PERIODS OF THE PLANET JUPITER, 1879-1904. 


at the left of the diagram. The latitudes and distances from the 
equator have been corrected for the elevation of the Earth above 
or below the equator of Jupiter. It is readily seen from this 
diagram that no rotation periods have been determined beyond 
38 degrees of Jovicentric latitude, and I can confidentially assert 
that during the past twenty-five years no rotation periods 
have been determined outside these limits except it be for the 
year 1888 when my telescope was dismounted, and for which I 
have no observations. 

The vertical line bisecting the diagram may be assumed to 
represent the rotation period of 9" 55", then the length of the 
horizontal lines on the right of the diagram will represent the 











26 Condition of the Surface of Jupiter. 





additional seconds to be added to this number. The longest line 
at the right of the diagram in latitude 24 degrees north is 60 
seconds of time, and hence the length of the shorter lines will 
give the approximate number of seconds above 9" 55". The 
broken lines indicate that a number of spots were observed 
in precisely the same latitude and that the rotation periods were 
different. 

A single glance at the diagram shows that there is no law ap- 
parently connecting the rotation period with the latitude, as is 
sometimes alleged. It is also seen froma the diagram that the 
period varies to quite a large amount in precisely the same lati- 
tude at different times, and in some cases we have a different 
period in the same latitude at the same time. The Equatorial 
belt which sometimes extends over the equator, and the north 
and south edges of which have been within 3 seconds of the 
equator also give a rotation period of 9" 55™ +, so that we may 
say that this period of 9" 55™-+ extends over the whole sur- 
face of the planet from latitude 38 degrees north to the same 
distance south. In latitude 12 degrees to 14 degrees north spots 
have frequently been seen near the margin of the belt. Some- 
times the same spots are visible for two or more oppositions. 
The rotation periods differ from year to year, and at no time is 
the period constant. Infact I stated many years ago that no 
spot on Jupiter has a constant period for any considerable time, 
but the period is always more or less variable. The variable 
period is well illustrated in that of the Great Red Spot, it is 
therefore absurd to contend for a constant period of rotation at 
any point on the surface of the planet. In latitude 24 degrees 
north a small black spot was observed during three successive 
years. At this point was found the longest period, 9° 56", 
for one opposition. During the two subsequent oppositions, as 
may be seen from the diagram, the period was a little shorter 
and the spot changed its location a slight amount in latitude, 
and in this case we have a variation of the rotation period to- 
gether with a variation of the latitude at the same time. 
Whether the change in rotation is due to the change in latitude is 
not yet well established, but it is probable that on a rotating 
body such would be the case. In this same latitude at a different 
time, as may be seen by the diagram, we had a good deal shorter 
period than 9" 56". 

Aside from this period 9" 55™ + there is another of 9" 50™ + 
which is usually found within 11 degrees of the planet’s 


equator, but on one occasion a shorter rotation period was 
found in latitude 20 degrees from the equator. 
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The left side of the diagram will show in the same manner the 
position and length of the shorter period 9" 50" +. 

The vertical line bisecting the disk in this case may be assumed 
to represent 9" 50" then the length of the lines to the left will in- 
dicate the number of seconds to be added; the scale for seconds 
being the same as before. 

There is one exception: In latitude 11 degrees North the 
rotation period was 9" 49" 33°, and it is indicated by a dotted 
line. 

This period of 9" 50™ + is also irregular, and is not constant 
in any latitude. It is seen by the diagram that the two periods 
overlap so that we find the long period of 9°55" + and the 
short period 9" 50" + in precisely the same latitude. 

Aside from these two principal periods I have found inter- 
mediate periods both near the equator and in high latitudes, 
which are shown by dotted lines; and the approximate period is 
given on the diagram. 

The Great Red Spot is one of the most interesting objects on 
the disk of the planet. The diagram, Fig. 4, shows the rotation 
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Fic. 4, RoTATION PERIOD OF JUPITER FROM RED Spot. 


period in the form of a curve from 1879 to 1904. The scale for 
the rotation period is at the right of the diagram, and the time 
scale in years is at the bottom of the diagram. 

During a period of twenty years from 1879 to 1899 the rota- 
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tion derived from the motion of the Red Spot was continually in- 
creasing. Since the latter date it gradually decreased, until 
1902, after which it again increased. The position of the curve 
will show the rotation period at any point. This curve is derived 
from normal places at intervals of 400 days and gives a fair idea 
of the mean motion of the spot in longitude. 

The curve, however, does not represent the true period at 1902, 
during which opposition it reached a minimum of 9" 55" 39°. 
The dotted curve shows at any point the ‘‘mean’’ rotation 
period, counting from Sept. 25, 1879 to date. 

From the researches of Mr. Demming it is well established that 
the rotation period for the Red Spot has been as much as 9" 56" 
for the maximum, and 9" 33" for the minimum period. From my 
discussions of some observations made in 1869 I made a mini- 
mum period of 9" 55" 26°, but whether either of these is correct 
isa matter of no great moment. We already know that the 
fluctuation in the rotation period of the spot is at least one-half 
a minute and it may be more. 

The diagram Fig. 5, shows the drift of the Red Spot in latitude 
from 1879 to 1904. This curve was plotted from the “mean” of 
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Fic. 5, Dr1rt OF RED Spot IN LATITUDE, 1879-1904. 
three consecutive oppositions respectively. In this form the 
range is muchless than when annual values are used, but it shows 
better the drift in latitude over a long interval of time. It is seen 
that the spot had drifted about 2 degrees nearer the equator dur- 
ing the last half of the interval. 

In 1879 and following years the color of the Belt and Red Spot 
was not very dissimilar and they were both of a very distinct 
reddish color. The contour of the spot when it was distinctly 
visible was well defined and the outline was comparatively 
smooth. From the fact that this spot has been visible from early 
times to the present we may conclude that it is not a simple 
cloud. Whether it is solid or plastic, of course, we have no 
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means of ascertaining. The matter composing the spot is in a 
different condition from the matter composing the Equatorial 
Belt. In 1880 when the color of the spot was very marked I ob- 
served the transit of a satellite over the Red Spot. The satellite 
which was invisible during the transit on the disk, when pro- 
jected on the spot, appeared as bright as when off the disk. On 
the contrary when satellites in transit were projected on the belt 
they were invisible the same as when on the light part of the 
disk. 

Our knowledge of the condition of the surface of the planet 
must be derived from a critical study of the behavior of the spots 
and markings observed. On account of the great distance of 
the planet from the Earth we cannot see directly elevations or 
depressions on the surface and hence any conclusions regarding 
this determination must be derived from the motions of the 
spots and markings in longitude and latitude. The determina- 
tion of rotation periods only, without regard to precise location 
and variation in latitude is of little value in determining the 
nature of the surface of the planet. 

The numerous determinations of rotation periods made during 
the past twenty-five years, would be of much greater value, if 
the latitudes of the spot or marking had been at the same time 
definitely ascertained. 

The latitude observations have been almost entirely neglected, 
and the only systematic observations are those which I have 
made during the past twenty-five years. 

Our material is yet too meagre to determine definitely the 
nature of the surface of the planet, but from what we already 
know wecan draw some general conclusions. I have already 
pointed out elsewhere that the white spots which have appeared 
north of the equator and near or on the margin of the Equa- 
torial Belt are very much less displaced in latitude than the belt 
itself, and hence I infer that the spots are at a lower level than 
the belt. 

The mean density of Jupiter is 1.37 times that of water. 
Reasoning from our knowledge of the density of the’ Earth, the 
surface density of Jupiter ought to be 0.4 to 0.5 times that of 
water. A surface density of this amount would indicate a 
medium possibly in the nature of a liquid, whichis the visible 
boundary of the disk. The motions of the Great Red Spot in 
latitude and longitude and of the small white spots which ap- 
pear on different parts of the disk, and which give rise to the 
period of 9° 55" + would be best explained by supposing that 
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they float in this plastic surface of the planet. As has already 
been shown, the Equatorial Belt is probably matter which lies 
over the surface in the form of dense vapor, probably much denser 
than the vapor that we have in the terrestrial clouds. This con- 
clusion is drawn from the comparatively slow changes which 
take place in the dark matter forming the belts. The planet is 
considered by most astronomers to be hot but not of sufficient 
temperature to give light. Now if we imagine that the Great 
Red Spot is of a different temperature from the rest of the sur- 
face we have an explanation of the bay in the spot opposite the 
belt, simply by the condensation or dissipation of the vapor in 
the belt when it approaches the spot. The planet undoubtedly 
has an atmosphere of considerable extent in which may float 
matter of less density, and from the motions of this matter lying at 
a higher level we may derive the shorter period of 9" 50" +. The 
matter giving the intermediate periods may be supposed to lie at 
an intermediate level in the atmosphere. The Equatorial Belt 
changes its volume very materially from year to year. The 
question is what becomes of the matter forming the belt? If it 
is in the nature of a vapor then a change of temperature would 
account for the change in volume, in the same manner that the 
clouds are formed and disappear in the atmosphere of the Earth. 
It is readily seen from what has been said that the phenomena 
seen on the surface of the planet are very complex. It is absurd 
simply to say that all these objects which are observed are simply 
clouds floating in an atmosphere as we understand the term. 





THE HEAVENS IN WINTER. 





ARTHUR Kk. BARTLETT. 





FoR POPULAR ASTRONOMY. 

During the winter, when ‘‘the immeasurable heavens break 
open to their highest, and all the stars shine,"’ the most favorable 
opportunity is afforded to observe the grandeur of the celestial 
rault, for at no other season do the glorious orbs of the firma- 


ment appear so brilliant and attractive. To all lovers of 


astronomy it is a delight to ‘‘hold communion with the celestial 
hosts” on the frosty, but clear and beautiful nights of winter, 
when the brightest stars are visible, and the most charming 
views of the heavens may be obtained to reward the patience ot 
observers. 

The glorious aspect of the evening sky in winter compensates 
in no small degree for the dreariness and desolation which 











sosecensietel 








Arthur K. Bartlett. 31 


usually characterize our terrestrial surroundings at this season 
of the year; and this is particularly true in reference to the frigid 
appearance of the polar regions. Let us imagine, if we can, the 
feelings of a navigator in the far North, when he is able to ob- 
serve the stars on his terrible winter night—a period, at the two 
poles, of six months’ duration. The charming aspect of our 
northern sky in winter, combined with the ever-changing tints 
of the auroral lights, must considerably mitigate the lethargy 
and solitude of those who inhabit the frigid regions of our north- 
ern latitudes. It has been said that ‘‘a sailor hails a star as an 
old triend,”’ and this must be especially true in reference to the 
lonely explorers who navigate the cold and treacherous waters 
in the neighborhood of the Arctic circle. 

Humboldt has written very eloquently concerning the splendor 
of thefstarry heavens in the equatorial regions, but they can not 
farjsurpass, even if they equal the magnificent appearance of our 
evening firmament at this season of the year; and if anything 
seems well calculated to inspire one with an emotional love for 
astronomy, it is certainly the charming scenery of our nocturnal 
heavensjin winter. Some of the most brilliant discoveries that 
have rewarded the observations of astronomers, were made on 
cold but favorable winter nights, when the celestial objects have 
shown with unusual splendor. There is a striking contrast be- 
tween “the irretrievable summer sky”’ —as a late astronomer has 
rightly(called it—and that which is presented to our view during 
the winter season. In fact, so different is the aspect, and so un- 
likefare the conditions for making important observations, that 
the evening sky in summer has but few attractions to the prac- 
tical astronomer, owing chiefly to the hazy and fluctuating state 
of the atmosphere at that season of the year. As some writer 
has,truly said, ‘The stars of a winter morning shine more en- 
trancingly than the most resplendent of the summer constella- 
tions. No one has discovered the splendors of a northern winter 
who has failed to observe the heavens an hour before dawn.” 

During the winter months the celestial orbs present their 
grandest and most attractive appearance. The brightest and 
most conspicuous stars in the firmament are visible on winter 
evenings, and immense constellations, meandering over a large 
extent of the heavens, continue above the horizon throughout 
the -ntire night, presenting a scene as beautiful as it is beyond 
de. eri: 'on. Gigantic stellar aggregations rise majestically in 
the. . ¢, cross the meridian, and sink in silent beauty towards 
the western horizon. Interspersed among the twinkling stars 
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which adorn the winter heavens are some of the planetary orbs, 
which also rise and set in company with their ‘fixed’? compan- 
ions, along the great belt of the zodiac—a mighty train of ‘‘celes- 
tial wanderers.” 

Star-clusters of various sizes, and nearly every variety of form, 
occupy a prominent part in producing the beauty of our winter 
evening sky; and when a fiery meteor suddenly darts across the 
arch of heaven, much interest and grandeur are added to the 
celestial scene. But the spectacle is greatly increased in its 
magnificence during the absence of the Moon, when the firma- 
ment appears in its most imposing grandeur—glowing with ‘‘liv- 
ing sapphires’’—and every star seems like a diamond in the sky. 
It is when contemplating the silent “procession of the constella- 
tions” on a winter evening that these lines of the poet have a 
peculiar charm and significance for those who admire the glories 
of the firmament: 

“Thus monstrous forms, o’er heaven’s nocturnal arch 
Seen by the sage, in pomp celestial march; 
See Aries there his glittering bow unfold, 
And raging Taurus toss his horns of gold; 
With bended bow the sullen Archer lowers, 
And there Aquarius comes with all his showers; 
Lions and Centaurs, Gorgons, Hydras, rise, 
And Gods and heroes blaze along the skies.” 

To relieve the monotony of a long and tedious winter evening, 
there are few amusements more pleasant and profitable than 
“star-gazing,’’ and the inspiration one receives at this season in 
observing the beauties of the firmament fully compensates for 
the disadvantages of a cold and uncomfortable atmosphere. No 
other season is so magnificently constellated as the winter 
months. While nature deprives us of certain enjoyments on the 
one hand, it presents us with others no less precious and _ profit- 
able. The glories of the heavens present themselves to observers 
from the Bull and Orion in the East, as far as the Virgin and 
Bootes in the West. Of the twenty stars of the first magnitude, 
which may be counted in the entire firmament, a dozen are visible 
at nine o’clock in the evening during the months of January and 
February, not including many beautiful stars of the second order, 
and the wonderful nebulze, star-clusters, and other celestial ob- 
jects well worthy of attention. The twelve first magnitude stars 
to which we refer are: Sirius, Procyon, Capella, Aldebaran, 
Spica, Cor Hydra, Rigel, Betelgeuse, Castor and Pollux, Regulus, 
and Beta of the Lion. ‘Thus it is,” says Camille Flammarion, 
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“That nature establishes everywhere harmonious compensation, 
and whilst it darkens our short and frosty winter days, it gives 
us long nights enriched with the wealthiest creations of the 
heavens.” 

The beautiful constellation of Orion, which is familiar to nearly 
every person in the winter season, presents a charming appear- 
ance during the months of January and February, as it crosses 
the meridian toward the South, and is alone worthy of our ad- 
miration and the time spent in celestial observations on the clear 
and frosty nights of winter. Holding supremacy over all the 
other constellations, Orion may truly be regarded as the leading 
stellar attraction of our winter evening firmament; and when it 
is on the meridian, there is then above the horizon the most 
glorious celestial scenery that the starry heavens present to our 
view without the aid of a telescope, so that when once carefully 
observed, at this season of the year, it will never be forgotten. 
A recent writer, referring to Orion, well remarked: ‘I have never 
beheld the first indications of the rising of Orion without a 
peculiar feeling of awakened expectation, like that of one who 
sees the curtain rise upon a drama otf absorbing interest. And 
certainly the magnificent company of the winter constellations, 
of which Orion is the chief, make their entrance upon the scene in 
a manner that may be described as almost dramatic.” 

During the latter part of January, the constellation of Orion, 
preceded by the Pleiades and Hyades, and closely followed by the 
glorious monarch of all—Sirius, the brilliant Dog-Star—may be 
seen south of the zenith about ten o’clock in the evening. The 
twins, Castor and Pollux, are not far off, and Procyon still 
sustains his corner of the great triangle, of which Sirius and 
Betelgeuse are at the other two angles. Toward the North, and 
almost overhead, is Capella, second only to Sirius, when Arcturus 
has passed below the horizon. The Great Bear, which we al- 
ways have with us—revolving around the polar star and never 
setting—is visible in the northeastern heavens; and the “Big 
Dipper,’’ which forms a part of this constellation, may be seen 
arly in the evening, with its “handle” pointing downward, 
toward the horizon. If the evening sky should be clear during 
the following month, young astronomers and others interested 
in the heavens will have a rich treat such as they can not often 
enjoy—in fact, a very ‘‘“embarrassment of riches.” 

Prof. Garrett P. Serviss, in a recent article describing the con- 
stellations, says: ‘By the time Orion has chased the Bull half 
way up the eastern slope of the firmament the peerless dog-star, 
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Sirius, is flaming at the edge of the horizon, while farther north 
glitters Procyon, the little dog-star, and still higher are seen the 
twin stars in Gemini. When these constellations have advanced 
well toward the meridian, their united radiance forms a scene 
never to be forgotten. Counting one of the stars in Gemini as of 
the first rank there are no less than seven first magnitude stars 
ranged around one another in a way that can not fail to attract 
the attention and admiration of the most careless observer. 
Aldebaran, Capella, The Twins, Procyon, Sirius, and Rigel mark 
the angles of a huge hexagon, while Betelgeuse shines with ruddy 
beauty not far from the center of the figure. The heavens con- 
tain no other naked-eye view comparable with this great array; 
not even the glorious celestial region where the Southern Cross 
shines supreme being equal to it in splendor.”’ 

Just a little below and east of Orion may be seen the glorious 
“Dog-star,”’ Sirius, the brightest star in all the heavens, known 
as the ‘‘King of Suns,”’ which glows upon the winter evening sky 
with a luster that is really surprising, and unequaled by any 
other star in the firmament. Sirius is in the constellation Canis 
Major, and at the end of January is visible toward the south 
about ten o’clock in the evening when it appears most conspicu- 
ous; and after it has once beeu identified and carefully located 
among the neighboring stars, it may be easily recognized at any 
time during the winter. Sirius shines with a greenish-white light, 
and being the most prominent star in the heavens, it can not be 
mistaken for any other orb, particularly at this season of the 
year. Being situated just south of the equinoctial or celestial 
equator, and nearly mid-way between the two poles of the 
heavens, this beautiful star is visible from every habitable portion 
of the Earth, but in our latitude it may be seen to the best ad- 
vantage during the month of February, when its convenient 
altitude above the horizon renders it especially favorable for ob- 
servation at an early hour inthe evening. It is about ten de- 
grees East of the Hare and twenty-six degrees south of Betel- 
geuse in Orion, with which it forms a large equilateral triangle. 
It also forms a similar triangle with Phaet in the Dove, and Naos 
in the Ship. These two triangles being joined at their vertex in 
Sirius, present the figure of an enormous X, known to students 
of astronomy as the “Egyptian X.’’ Sirius is also pointed out 
by the three stars in the “‘belt’”’ of Orion, its distance from them 
being about twenty-three degrees toward the south-east. It 
comes to the meridian, exactly south, at nine o’clock on the 15th 
of February, when it may be easily recognized by the most 
sasual observer at a convenient hour in the evening. 
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In a popular astronomical work, recently published, there is an 
interesting chapter on “The Stars of Winter,’”’ containing a 
paragraph which is so appropriate to the subject of this article 
that we can not forbear quoting it at length, feeling confident 
that it will be appreciated by the reader, and we therefore repro- 
duce every word of the writer’s eloquent remarks: “As an offset 
to the discomforts of winter observations of the stars, the ob- 
server finds that the softer skies of summer have no such marvel- 
ous brilliants to dazzle his eyes as those that illumine the hiemal 
heavens. To comprehend the real glories of the celestial sphere 
in the depth of winter one should spend a few clear nights in the 
rural districts of New York or New England, when the hills, clad 
with sparkling blankets of crusted snow, reflect the glitter of the 
living sky. Inthe pure frosty air the stars seem splintered and 
multiplied indefinitely, and the brighter ones shine with a splen- 
dor of light and color unknown to the denizen of the smoky city, 
whose eyes are dulled and blinded by the glare of street-lights. 
There one may detect the delicate shade of green that lurks in 
the imperial blaze of Sirius, the beautiful rose-red light of Aldeb- 
aran, the rich orange hue of Betelgeuse, the blue-white radiance 
of Rigel, and the pearly luster of Capella. If you have never 
seen the starry heavens except as they appear from city streets 
and squares, then, I had almost said, you have never seen them 
at all, and especially in the winter is this true. I wish I cculd 
describe to you the impression they can make on the opening 
mind of a country boy, who, knowing as yet nothing of the little 
great world around him, stands in the yawning silence of night, 
and beholds the illimitably great world above him, looking 
deeper than thought can go into the shining vistas of the uni- 
verse, and overwhelmed with the wonder of those marshaled 
suns.”’ 

All through the winter the evening sky is glorious with its 
brilliant constellations. Toward the south during the latter 
part of January, may be seen, not far from each other, the beau- 
tiful Taurus and Orion, the former containing the Pleiades, a 
famous star-cluster known as the “Seven Sisters,” and also men- 
tioned in the Bible, which are plainly visible to the naked eye. 
Overhead, in the early evening, shine Auriga, Perseus and 
Andromeda, with Aquila, Delphinus, Lyra and Cygnus a little 
farther west; and in the south-east are Lepus, Cetus and Canis 
Major. These constellations alone include a number of first and 
second magnitude stars, all of which are above the horizon, and 
may be seen on every clear evening during the winter. 
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At this season of the year we can appreciate the truthful 
language of a recent writer, who, in an interesting essay on 
“Times and Seasons,” very eloquently remarks: ‘How beauti- 
ful to note the phases of the Moon, the chameleon tintings of the 
sky, the traveling of the planets, and the circling around the pole 
of the seven bright stars of the sleepless Bear! With what glad- 
ness and enthusiasm, too, in the cold inanimate winter, we view 
the rising of Orion, and his brilliant quarter of the heavens. The 
cheerlessness of the Earth is forgotten in the magnificence over- 
head, and we thank God for unfolding so much glory. Even the 
nights differ in kind. Whata contrast between an atmosphere 
choked with black and melancholy vapors, and the transparent 
sky of a frosty winter’s night, when the innumerable stars are 
glittering, or the round Moon is ‘walking in her brightness.’ It 
is true in nights, when the skies put forth their radiant splendors, 
that even in this present life we see most of God.”’ 

On pleasant evenings, when not too cold, a small telescope, or 
even a common opera-glass, may be employed to excellent ad- 
vantage in studying the great variety of celestial objects, and 
witha very little effort, much profitable information may be 
gained, by the aid of these simple instruments, respecting the 
interesting orbs that shine over our heads at this season; and no 
one will regret the time and labor thus expended, for compared 
with the charming appearance of the evening sky in winter, the 
most resplendent terrestrial scenes sink into nothingness, and 
seem unworthy of being set in competition with the indescribable 
grandeur of the starry heavens. 

BATTLE CREEK, Mich. 





SOME NEW RESULTS WITH RESPECT TO THE PRINCIPLE 
OF THE CONSERVATION OF ENERGY.* 





PHILIP E. B. TOURDAIN. 





Of late years, the photographic method used in the discovery 
of the R6éntgen, Becquerel, and Curie radiations have, so to 
speak, forced this important branch of physics on the notice of 
photographers. And the discovery of radium, which arose from 
these researches, is apparently not incapable of applications in 
photography. Accordingly, it seems to me desirable, in view of 
the fact that the properties of radium seem to necessitate the 
modification of some of what are regarded as the fundamental 
principles of science, to discuss these principles. Such a discus- 


* Knowledge, October, 1904. 
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sion is, more especially at the present time, indispensable for the 
scientific photographer. Indeed, it would be remarkable if it 
were not really to be expected that the progress of photography 
has required a greater and greater knowledge of subjects which 
appear at first sight without the province of photography. 
Without speaking of the rather extensive optical and mathemat- 
ical knowledge required for the proper understanding of the pho- 
tographic lens, we need only think of Lippman’s method of 
color-photography to agree that a thorough knowledge of the 
wave theory of light is essential for the scientific photographer. 

Thus it has appeared to me to be useful to give the modern 
views on such subjects as the conservation of energy and the 
atomic theory in this periodical. The doing of this affords me 
particular pleasure since | succeeded, about ten months ago, in 
remarking a fact about the principle which, to my knowledge, 
had not hitherto been remarked. This, together with other in- 
vestigations, is of a mathematical nature, and has appeared in 
the ‘‘Quarterly Journal of Mathematics’’'; but here I shall try 
to explain my remarks in, as far as possible, non-mathematical 
language.’ I have brought the remark in here, for there results 
from it the fact that the principle of the conservation of energy 
is not subject to a restriction which has hitherto been tacitly 
made. 

In the first part I have explained, also in language as non- 
mathematical as possible, the nature and use of the principle in 
question; and I think the line of distinction between what is 
fact and what an arbitrary, though it may be a natural, hy- 
pothesis—which latter may be almost expected to be ultimately 
contradicted by facts—is sufficiently emphasized. This is not 
done in some explanations of the principle, and is, I think, done 
in the best manner if we regard the principle of the conservation 
of energy as what may be shortly but mathematically expressed 
as one (we require, in general, at least two, and may require 
four, six, . . .) of the “integrals’’ of the equations of motion. 

We are accustomed to divide physical science into the depart- 
ments of mechanics, heat, electricity, and so on. Of these, that 
branch of natural knowledge known as mechanics is the oldest, 
and early (1788)’ reached a certain completeness which has not 





1 “On the General Equations of Mechanics.’’ Quart. J., 1904, pp. 61-79. 

2 The formule, for the most part, only require that elementary mathematical 
knowledge that every one possesses, and detailed reference tor all mechanical 
concepts used, is made to the works of Mach; undoubtedly the clearest on such 
questions. 


8 This is the date of the publication of the first edition of Lagrange’s 
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yet been equalled by any of the other branches. It was in 
mechanics that the first general propositions were arrived at; 
thus, that known as the principle of the ‘conservation of vis 
viva” was discovered, in a very general form, and applied by 
Huyghens in 1673.‘ To explain this principle, we will begin by 
considering the simple case of a heavy body moving under the 
action of gravity near the Earth’s surface. 

When a body falls freely, the velocity continually increases, and 
Galileo found, by a guess followed by an ingenious experiment, 
that the final velocity (v) is proportional to the time of falling 
(t); or 

v=egt (1) 
where g is some constant quantity. The space fallen through (s) 
from rest, Galileo also found by a process ° which is preserved in 
elementary works on mechanics, and which is, in reality, an in- 
tegration of the above differential equation ‘ 
ds at’ 
= , tobes = 2 
(: %) 2 (2) 
Here the constant g is now called the “acceleration,’’ and we 
have § 
__ as 
ode? 
a differential equation which implicitly contains all Galileo’s re- 
searches on falling motion. 

From (1) and (2) now, by eliminating t, we get the relation be- 

tween s and v:— 


2ge=> vr 
O. 
1 
— y2 ¢ 
gs=- Vv (3) 





“‘Mécanique Analytique.”’ In this work, the problems of mechanics were all 
given an analytical (purely mathematical) form, and, though in many important 
cases the facts were not accurately formulated by Lagrange (c. g.) the principle 
of ‘Least Action’). Lagrange first gave analytical mechanics the form it has 
today. 

4 On the part taken by Galileo in the development of this principle, see Mach, 
“Die Mechanik in ihrer Entwickelung. . . .’’ 4th ed., Leipzig, 1901, pp. 148, 
263, 266. Cf. pp. 177-182 (on the Huyghens). 

® An account of which will be found in Mach, op. cit., pp. 130-137. 

® Mach, pp. 130-131. 

7 Cf. Mach, pp. 143-145. 
8 Cf. Mach, pp. 145-146. 
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The new principle of vis viva, now, is expressed in (3), which 
was extended by Huyghens to thecase of many connected bodies. 
Huyghens had not, of course, Newton’s conception of ‘mass,’ ® 
but, supposing that we have, (3) can be written 


1 P (4) 
mgs =~, mv’ 


We now call the left-hand side the ‘‘work’”’ (U), and the right- 
hand side the ‘“‘kinetic energy’’ (T); and (4) is the principle of the 
conservation of vis viva for a single body. For many bodies 
under any forces (not merely gravitational, but as generalized by 
Newton) we write (as is evident to a mathematician): 

1 2 

y imvi=3 { F.ds (5) 
where = denotes summation for the many masses (mm', .. .). 
We write the integral (5) as 


T — U = constant. (6) 


As to the limitations of (6), we will state these in the next 
paper. The extension of (6), brought about as will be shown, is 
the principle of the conservation of energy. 





Astronomical Phenomena During 1905. 





ECLIPSES. 


There will be two eclipses of the Sun and two of the Moon during the year 
1905. The eclipses of the Moon being only partial will be of little astroncmical 
importance. The annular eclipse of the Sun, March 5, being visible only in 
southern latitudes will attract little general attention. A great deal of interest, 
however, is felt in the event of the total eclipse of August 30, and we know al- 
ready of at least two expeditions which are to be sent out from American ob- 
servatories to observe it. The most practical places for observation are on the 
coast of Labrador, a narrow strip across Spain and a few points in the north of 
Africa. Most of the expeditions will no doubt go to Spain, for the Sun will be 
highest there and the weather is most likely to be fair there. The duration of 
totality will be 3™ 45° in Spain and about 2" 30° on the coast of Labrador. In 
Egypt totality willlast about 2™ 40°, jn 

The following data are taken from the American Ephemeris for 1905: 

1. A Partial Eclipse of the Moon, Feb. 19 will be invisible in America but 
will be visible generally throughout the eastern hemisphere. 





9 Cf. Mach, pp. 182, 200, 202-232, 258, 263. 
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ELEMENTS OF THE ECLIPSE. 


Greenwich mean time of conjunctionin right ascension, February 19, 7" 22" 33°.9. 


Sun's right ascension 225 10"17°.55 Hourly motion 9.561 
Moon’s right ascension 10 10 17.55 Hourly motion 147.07 
Sun’s declination —11°17’ 55”.6 Hourly motion + 0’ 53’7.4 
Moon’s declination +10 27 38 .1 Hourly motion —9 59 6 
Sun’s Equa. hor. parallax 8 9 Sun’s true semidiameter 16 10 4 
Moon’s Equa. hor. parallax 60 49 .3 Moon's true semidiameter 16 33 .6 


TIMES OF THE PHASEs. 





Moon enters penumbra February 19 4° 40™.1 

Moon enters shadow § 53 .9 

Middle of eclipse 7 OO .2¢ Greenwich Mean 
Moon leaves shadow 8 O06 BI Time. 
Moon leaves penumbra 9 20 .3) 


Magnitude of the eclipse = 0.410 (Moon's diameter = 1.0). 


2. An Annular Eclipse of the Sun, March 5, will be visible only in Australia 
and some of the islands of South Pacific, Indian and Antartic Oceans. The path 


ANNULAR ECLIPSE or MARCIE 5° 1905. 
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Note:The hours of beginning and ending are cxpressed in Greenwich Mean Time 


of annular eclipse passes across Australia, and the duration there is over seven 
minutes. 


ELEMENTS OF THE ECLIPSE. 


. . . . .. . . _ - = “ r 
Greenwich mean time of conjunction in right ascension, March 5, 16" 51™ 32°.2. 





Sun and Moon's R. A. 23" 04” 375 .09 Hourly motions 9*.28 and 114°.55 
Sun’s declination —5° 55’ 34” .2 Hourly motion + 0'’58’.0 
Moon’s declination —6 28 10 .5 Hourly motion + 8 56 9 
Sun’s equa. hor. parallax 8 .9  Sun’s true semidiam. 16 07 .O 
Moon’s equa. hor. parallax 54 09 .4 Moon’s true semidiam. 14 44 .7 
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CIRCUMSTANCES OF THE ECLIPSE. 


Longitude from 


Greenwich Mean Time. Greenwich Latitude. 
Eclipse begins March5 14" 19.3 53° 187.7 E. 38° 28’.2 S. 
Central eclipse begins 15 35 9 31 13.9E. 52 06.15%. 
Central eclipse at noon 16 &1 6 110 0O0.9E. 43 19.45. 
Central eclipse ends 18 49 .z 172 33 .5E. 18 19.15. 
Eclipse ends 20 «66. ..7 151 56.0E. 4 34.55. 


3. A Partial Eclipse of the Moon, August 14, visible generally throughout 
North and South America and the beginning visible in Europe and Africa. 
ELEMENTS OF THE ECLIPSE. 
Greenwich mean time of conjunction in right ascension, August 14, 16502" 34*.6. 


Sun’s right ascension 9" 36™ 04° .53 Hourly motion 9° .39 
Moon’s right ascension 21 36 04 .53 Hourly motion 126 .50 
Sun’s declination +14° 17’ 497.4 Hourly motion — 0’ 467.4 
Moon’s declination —13 29 23 .6 Hourly motion + 7 26.1 
Sun’s equa. parallax 8S .f Sun's true semidiam. 15 47 .7 
Moon's equa. hor. parallax 55 47 .3 Moon's true semidiam. 15 11 .4 
TIMES OF THE PHASES. 

Moon enters penumbra August 14 13" O8™.1) 

Moon enters shadow 14 39 Of 

Middle of the eclipse 15 41 .1; Greenwich Mean 

Moon leaves shadow 16 43 a Time. 

Moon leaves penumbra 18 13 .6 


Magnitude of the eclipse = 0.292 (Moon’s diameter = 1.0). 
4. A Total Eclipse of the Sun, August 29-30, will be visible as a partial 
eclipse in the eastern part of the United States, the Sun rising eclipsed at Wash. 


TOTAL ECLIPSE or AUGUST 29*%-30°1905. 





























} re ho \ 
© OCKAN™ 
Fy ee oe is ° ie a 
longitude West § of Greenwuh © Longitude East 3 of Greenwich Y 
ington. The path of totality begins in Manitoba, near Winnipeg, passes across 


the lower end of Hudson's Bay, over upper Canada and off the coast of Labra- 
dor just north of the Strait of Belle Isle, over the Atlantic Ocean to the northern 
coast of Spain, across the northeastern part of Spain, over the Mediterranean 
Sea, across parts of Tunis, Tripoli and Egypt, ending near the east coast of 
Arabia. 
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ELEMENTS OF THE ECLIPSE. 


Greenwich mean time of conjunction in right ascension, Aug. 30 0" 50™ 13%.4., 


Sun and Moon’s R. A. 105 32™50°.51 Hourly motions 9%.11 and 142°.56 
Sun’s declination +9 08 48.3 Hourly motion — 0’ 53”.6 
Moon’s declination + 9 44 25.2 Hourly motion -10 21 5 
Sun’s equa. hor. parallax 8.7 Sun’s true semidiameter 15 50 .7 
Moon’s equa. hor. parallax 60 05.0 Moon’struesemidiameter 16 21 .5 


CIRCUMSTANCES OF THE ECLIPSE. 


Longitude from 


Greenwich Mean Time. Greenwich Latitude. 
Eclipse begins August 29 22" 377.6 76° 20’.4 W. 37° 29°.4.N. 
Central eclipse begins 23 41 15 96 22.7 W. 50 15.1N. 
Central eclipse at noon 30 0 50 2 12 23.3 W. 45 52 0N. 
Central eclipse ends 2 33 8 54 49.1E. 18 36.4N. 
Eclipse ends 3 37 & 36 41.2E. 5 40.1N. 


The regions in which the eclipse is visible as a partial eclipse are shown onthe 
accompanying chart. 





Phases of the Moon. 


Washington Mean Time. 


New Moon. First Quarter. Full Moon. Last Quarter. 

h m h m h m h m 
Jan. 5 109.0 Jan. 13 3 02.6 Jan. 20 14 05.8 Jan. 27 7 11.6 
Feb. 3 17 57.6 Feb. 11 23 11.8 Feb. 19 1 43.7 Feb. 25 16 55.4 
Mar. 5 12 11.1 Mar. 13 15 51.2 Mar. 20 11 47.3. Mar. 27 4 26.9 
Apr. 4 615.1 Apr. 12 4 33.1 Apr. 18 20 29.6 Apr. 25 18 05.3 
May 3 22 41.5 May 11 13 38.1 May 18 4 28.1 May 25 9 41.4 
June 212 48.3 June 9 19 56.4 June 16 12 June 24 2 37.5 
July 2 July 23 20 00.3 


July 31 10 54.4 Aug. 7 5 08.2 Aug. 14 10 
Aug. 29 20 05.1 Sept. 5 11 00.5 Sept. 13 1 


4: 
041.6 July 9 O 388.0 July 15 22 2: 
2: 
> 0 
Sept.28 4 51.2 Oct. 419 45.9 Oct. 12 17 54. 
3 
3 


a. 
3. 
3. 
1. Sept. 21 5 05.2 
Oct. 20 19 42.3 
Nov. 19 8 25.6 
Dec. 18 19 00.3 


Oct. 27 13 49.5 Nov. 3 8 30.8 Nov. 11 12 03.¢ 
Nov. 25 23 38.8 Dec. 3 1 29.3 Dec. 11 6 17. 
Dec. 25 10 55.3 


2 
4 
1 Aug. 22 13 01.5 
‘ 
; 
4 


OCCULTATIONS. 


A list of 132 occultations of stars by the Moon is given in the American 
Ephemeris, as being visible at Washington during this year. Most of them will 
be visible throughout the United States. We shall give the lists for each month 
in PopuLAR ASTRONOMY one month ahead of time, so that our readers will have 
ample notice of each. The list for February is as follows: 


Occultations Visible at Washington. 


IMMERSION. EMERSION. 

Date. Star's Magni- Washing- Angle Washing- Angle Dura- 
1905. Name. tude. ton M.T. f'mN pt. ton. T. f'mN pt. tion. 
h m ‘: h m ” h m 

Feb. 10 64 Ceti 5.8 5 45 16 6 43 296 O 58 
14 130 Tauri 5.6 13 06 122 13 58 244. 0 52 

17 B.A.C. 2888 6.3 8 56 91 10 16 294 1 20 

20 8 Virginis 3.8 18 31 104 19 26 296 0 55 

22 F Virginis 48 10 56 125 11 58 282 1 02 

24 + Libre 4.1 16 43 95 18 04 302 1 21 

26 DM.—18°,4516 6.3 14 40 59 15 30 327 0 50 

28 d Sagittarii 5.1 16 47 142 17 36 222 0 49 
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Fic. 1. DiaGRAM SHOWING THE APPARENT MOVEMENTS OF THE PLANETS MERCURY, 
VENUS AND NEPTUNE DurRING 1905. 
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THE PLANETS. 


The apparent pathsof the planets 
among the stars during the year 1905 
are shown on the diagrams Fig. 1 
and 2. 

Mercury, as shown on the chart, 
Fig. 1, begins the year in Sagittarius. 
Being just past inferior conjunction, 
the planet’s apparent motion will be 
retrograde (westward) for a few 
days, then it will turn toward the 
east. The eastward motion will con- 
tinue roughly along the ecliptic until 
April when the planet again will pass 
between the Earth and Sun, and will 
describe the S-shaped loop shown on 
the chart in the constellations Aries 
and Pisces. In order to understand 
this peculiar course of the planet the 
reader must remember that Mercury 
is moving around the Sun in an ap- 
proximately circular orbit. At the 
same time we on the Earth are also 
moving around the Sun ata slower 
rate. Asa result of our motion the 
Sun as seen from the Earth is contin- 
ually projected farther east among 
the stars and its center projected ou 
the celestial sphere describes the line 
known as the ecliptic. Mercury mov- 
ing around the Sun as a center shares 
in the eastward projection around the 
sky; but when Mercury is on the side 
of its orbit nearest to the Earth it is 
moving westward with reference to 
the Sun and its motion is more rapid 
than the eastward projection so that 
for a few days it appears to move 
westward among the stars. The or- 
bit of Mercury isin a plane passing 
through the center of the Sun, but 
this plane is inclined, or tilted, to 
that of the Earth's orbit by an angle 
of about seven degrees. It therefore 
makes a great difference where we are 
with reference to the plane of Mer- 
cury’s orbit asto what will be the 
shape of the planet’s apparent path. 
When we are above that plane at 
our highest at the time of interior 
conjunction Mercury makes a down- 
ward closed loop as in August this 





Fic. 2. 


DIAGRAM SHOWING THE APPARENT 
MOVEMENTS OF THE PLANETS MARS, JUPI- 
TER, SATURN AND URANUS DURING 1905. 





NOZIHOM 18VB 
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year: When we are farthest below that plane the apparent path is an upward 
closed loop like that begun in December last and finished during January. 


NOZINOH HitOM 


WEST HORIZON 





SOUTH HORIZON 


THE CONSTELLATIONS AT 9 P. M. FEBRUARY 1, 1905. 


When we are near the line of nodes, or intersection of the two ‘planes, at the 
time of inferior conjunction, Mercury describes an S-shaped loop,—a direct S$ if 
we are near the descending node or a reversed S if we are near the ascending 
node. The shapes of the different loops vary very much with the different rela- 
tive positions of the two planets as any may see by comparing the charts which 
have been published in PorpuLar AsTRoNomy during the past six years. 

In August Mercury makes a wide downward closed loop in the constellation 
Leo, and in December makes an upward one between Scorpio and Sagittarius. 
Mercury will b2 at inferior conjunction April 23, August 29 and Dec. 15; at 
greatest eastern elongation April +, August 2 and November 26; and at greatest 
western elongation January 22, May 21 and Sept 15. The best time for north- 
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ern observers to study the planet will be about April 1 when it will be at a com- 
paratively high altitude and also will be relatively bright. 

The course of Venus is represented by the dotted line on the chart, Fig. 1. 
The notable feature is the great loop made in Aries at the time when Venus 
passes between the Earth and Sun in April and May. Inferior conjunction will 
occur April 27 at 4:00 a. M., Central Standard time. Venus will be a splendid 
object in the evening sky during these first months of 1905 and will be in best 
position for study of the surface markings during January and February. The 
planet will be at greatest elongation east from the Sun, 46° 41’ on February 14. 
During the summer months Venus will be a most brilliant morning star, being at 
greatest elongation west 45° 44’ on July 6. Her greatest brilliancy will be at- 
tained on March 21 as evening star and June 2 as morning star. 


Mars comes to opposition on May 8. He makes an S-shaped loop in Libra 
(Fig. 2), retrograding from April 1 to June 17, and after that moves eastward 
through Scorpio, Sagittarius and Capricornus entering Aquarius at the end of 
the year. The opposition of Mars this year will be rather unfavorable for the 
study of the surface markings of the planet because of the low altitude at which 
observations must be made. The nearest approach to the Earth comes on May 
16 when the distance will be very close to 50,000,000 miles. Mars will pass by 
Uranus on October 8 and Saturn on December 25. 


< 


Jupiter’s course passes through Pisces and Aries into Taurus, advancing until 
Sept. 25 and retrograding for the remainder of the year. The high declination 


<< * 


= 








N. 


Fic. 3. DiaGRAM SHOWING THE APPARENT MOVEMENTS OF JUPITER’S SATELLITES 
IN 1905. 

reached in the latter months will be very favorable to the study of the planet’s 

surface markings. 


Saturn is ascending the slope of the ecliptic in Capricornus and Aquarius and 
gradually coming into better position for observation in the northern hemisphere, 


South. 





North 


Fic. 4. DIAGRAM SHOWING THE APPARENT MOVEMENTS OF THE SATELLITES OF 
SATURN IN 1905. 
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but will not be satisfactory in that respect this year. The planet advances from 
January 1 to June 13 then retrogrades until Oct. 31, then advances for the re- 
mainder of the year. The position of the rings and the apparent orbits of the 
seven inner satellites is shown in the diagram Fig. 4. 

Uranus pursues a short course back and forth in Sagittarius, the movement 
being eastward until April 8, then westward until Sept. 9, and again eastward 
for the remainder of the year. 

Neptune's apparent path is also very short in Gemini, the movement being 
retrograde up to March 17, then direct until October 15, then westward again 
for the remainder of the year. 





CoMETs. 


1. Tempel’s Second Periodic Comet, 1873 II, which passed perihelion on Nov. 
10 last vear and was discovered at Nice on Dec. 1, will continue to be visible fora 
short time in 1905. It is very faint and unfavorably situated so that it is not 
likely to be observed much. 


2. Encke’s Comet will be at perihelion Jan. 11, 1905 but has already passed 


its best position for observation. It has been easily visible with a small telescope 
in the evening sky during the first part of December but is now passing between 
us and the Sun, and its motion after perihelion will carry it rapidly away from 
the Earth. Southern observers may be able to catch it in the morning during 
the latter part of January and in February. 


3. Tempel’s First Periodic Comet 1867 II is due at perihelion about April 18, 
according to the elements of Gautier (A. N. 3492). It was observed at its re- 
turns in 1873 and 1879, but was not detected in 1885, 1895 and 1898. It has 
been subject to large perturbations by Jupiter, so that the period, which was less 
than six years in 1879 has increased to 6.54 years and the perihelion distance in- 
creased from 1.56 (Earth’s distance being unity) in 1867 to 2.07 in 1892. In 
1879 the comet was very small and faint but was observed during two and a 
half months. Its position this year will be but little less unfavorable than 1879, 
yet after the long interval its place among the stars cannot be predicted with 
sufficient accuracy to insure very strong probability of its detection. No search 
ephemeris has yet come to hand. 

4. Wolf's Periodic Comet, the last apparition of which was in 1898, is due 
at perihelion this year about April 27. It will the: be almost directly behind the 
Sun so that its discovery at this return is very doubtful. 

5. Barnard’s Comet, 1892 V, was observed less than two months in 1892 and 
was exceedingly faint, so that its period was not very accurately determined. 
The period may be any where from 6.2 to 6.8 years. If 6.5 years be taken as the 
most probable period, it is due at perihelion at its second return in December 
1905. No trace of it was found in 1899 although a quite extended photographic 
search was made at Heidelberg. If the period should be less than 6.5 years the 
prospect of the comet’s being found would be much more favorable. 





METEOR SHOWERS. 


The tollowing list contains the most brilliant showers, from alist of 90 me- 
teoric showers whose radiant points are given by Mr. W. F. Denning in the Com- 
panion to the Observatory: 
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Variable Stars. 








Date. 


2-3 
20-22 
May 1-6 
July 28 
Aug. 10-12 
Oct. 18-20 
Nov. 14-16 
Nov. 17-24 
Dec. 10-12 


Jan. 
Apr. 


about 1° per day. 
16 a 53°, 6 + 58°. 


Radiant. 


6 


230° + 53° 


270 + 33 
338 — 2 
339 —11 
45 + 57 
92 -+15 
150 + 22 
25 +43 
108 + 33 


Remarks. 


Swift; long paths. 


Swift. 


Swift; streaks. 


Slow; long. 


Swift; streaks. 
Swift; streaks. 
Swift; streaks. 


Very slow; trains. 


Swift; short. 
The Perseids, with a maximum on Aug. 11, are visible, fora considerable 
period and their radiant exhibits a motion, to the E.N.E. among the stars of 





VARIABLE STARS. 


The Perseids. 


The Leonids. 


The Andromedes. 


Its position for July 19 should be a 19°; 6 + 50°, and on Aug. 


Approximate Magnitudes of Variable Stars Dec. 10, 1904. 
[Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 


Name, 


T Androm. 
T Cassiop. 
R Androm. 
S Ceti 

S Cassiop. 
R Piscium 
U Persei 

R Arietis 

o Ceti 

S Persei 

R Ceti 

U oe 

R Trianguli 
R Persei 

R Tauri 


2D 


R Aurige 
U Orionis 
R Lyncis 
R Gemin. 
S Canis Min. 
R Cancri 
7 “oe 
S Hydrae 
Leo. Min. 


Leonis 


T 
R 
R 
R Urs. Maj. 


I 


omae Ber. 


RC 

T Virginis 
R Corvi 

Y Virginis 
T Urs. Maj. 
R Virginis 
S Urs. Maj. 
U Virginis 


Hydrae 
Virginis 
Can. Ven. 
Bootis 


NAPRa< 


R. A. Decl. Magn. 
1900. 1900, 

h m © . 

O 17.2 +26 26 10.07 
0 17.8 +55 14 9 i 
0 18.8 +38 114 f 
0 19.0 —- 9 53 13 f} 
% 323 +72 & i273 
1 25.5 + 2 22 12.0d 
1 52.9 +54 20 8 

2 104 +24 36 9 i 
2 143—3 296 9 1 
2 15.7 +58 810 i 
2 20.9 — 0 38 12 d 
2 28.9 —13 35 7.51 
2 31.0 +33 50 11.0d 
3 23.7 +35 20 8.5d 
4 22.8 + 9 56 8.017 
4 23.7 + 9 44 f 
5 9.2 +53 28 f 
5 49.9 +20 10 11.3d 
6 53.0 +55 28 9.0d 
7 1.3 +22 52 10.2d 
7 27.3 + 8 32 80:1 
8 11.0 +12 2 9.5d 
8 16.0 +17 36 8 1 
8 48.4 + 3 27 11 d 
8 508 —8 46 8 i 
9 39.6 +34 58 8.2d 
9 42.2 +11 54 9.5d 
10 37.6 +69 18 13 f 
11 59.1 +19 20 u 
12 9.55 — 5 29 u 
12 14.4 —18 42 u 
12 28.7 — 3 52 u 
12 31.8 +60 213 f 
12 33.4 + 7 32 u 
12 39.6 +61 38 9 i 
12 460+ 6 6 u 
13 22.6 — 2 39 u 
13 24.2 —22 46 s 
13 27.8 — 6 41 u 
13 44.6 +40 2 12.5d 
14 19.5 +54 16 13.0d 


Name. 


| R Camelop. 
| R Bootis 
|S Librae 
S Serpentis 
|S Coronae 
S Urs. Min. 
| R Coronae 
R Serpentis 
R Herculis 
R Scorpii 
S oe 


| U Herculis 
W Herculis 
R Draconis 
S Herculis 
R Ophiuchi 
T Herculis 
R Scuti 

R Aquilae 

R Sagittarii 
Ss “ 


R Cygni 
3 ila 
x oe 
S Cygni 
RS “ 


R Delphini 
U Cygni 


T Aquarii 
R Vulpec. 


| T Cephei 


Ss 

S Lacertae 

» “e 

XN 

S Aquarii 

R Pegasi 

S oe 

| R Aquarii 
R Cassiop. 


ooh 
Cli CS SPAT OUNS 


— 
SOP PAPNIIIH ORK WO 


ww Ww 


o> 00 


oR Ce 


~ 


rN 
0 Olt 


PPO 
CORAOPGOMD 
00 Gt 


ade) 


FLEAS 
THO DRI DH 


Cle Co et 
Za) 
Oa 


p: 
) 


t 


36.5 
24.6 
38.8 
51.8 

1.6 
15.5 
38.6 
53.3 


Decl. Magn, 


1900. 
oUF 


484 
+427 
—20 
+14 
+31 
+78 
+28 


+29 § 


+15 
+18 


—22 « 


—22 : 


+19 
87 
+66 
+15 
—15 
+31 
— 5 
+ 8 
—19 
—19 
+49 
+48 
+32 
+57 
+38 
+ 8 
+47 
+47 
— @& 
+23 
+68 
+78 
+39 
+41 
—20 
+10 
1S 
+15 
+50 


17 
10 


29 


58 
32 
40 
42 
28 
47 
35 
47 
31 
26 


0” 
10 
48 
51 
53 
0) 
22 
50 
50 


10.5d 
10.0d 


s 


Sn, 2. 


ww 
—! 


11 « 


rn ee a 


9.21 
12 i 


Nore:—f denotes that the variable is probably fainter than the magnitude 
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13; i, that the light is increasing; d, that the light is decreasing; s, that it is near 
the Sun; and u, that its magnitude is unknown. 

From observations made at the Vassar, Mt. Holyoke, Eadie and Harvard 
Observatories. 





Variable Stars of Short Period not of the Algol Type. 


Minimum. Maximum. Minimum. Maximum. 
a h d hk d ih d 

S Normae Feb. 1 1 Feb. 5 11 V Centauri Feb. 15 O Feb. 16 11 
V Velorum ae 2 6 S Crucis 16 1 16 13 
U Aquilae 1 21 4 1 V Carine 15 12 17 16 
V Carinz 2 8 4 7 U Aquilae 15 22 18 2 
U Vulpeculae 2 il 4 14 S Triang. Austr. 16 0 18 2 
W Geminorum 2 10 5 1 Y Sagittarii 16 4 17 23 
RV Scorpii 217 4 3 SU Cygni 16 12 17 20 
W Virginis 218 10 23 S Sagittae 16 22 20 8 
S Muscae 2 19 6 6 BLyre 17 13 20 20 
k« Pavonis 2 22 6 17 6 Cephei 17 16 19 1 
¢Geminorum 3 5 8 5 ‘WN Geminorum 17 21 20 12 
S Triang. Austr. 3 8 5 10 U Sagittarii 17 23 20 22 
V Centauri 4 1 5 12 U Vulpeculae 18 10 20 13 
W Sagittarii 4 8 7 8 T Velorum 18 14 19 23 
U Sagittarii 4 11 710 V Velorum 18 19 19 18 
Y Sagittarii 4 15 6 10 R Crucis 18 19 20 4 
B Lyrae 4 15 7 22 X Sagittarii 19 8 22 5 
T Velorum 4 16 6 1 W Sagittarii 19 13 22 13 
SU Cygni 5 0 6 8 S Crucis 19 17 21 5& 
X Sagittarii S29 8 4 V Centauri 20 O 21 11 
S Crucis 5 15 7 3 W Virginis 20 1 28 6 
V Velorum 5 16 6 15 SU Cygni 20 9 21 17 
5 Cephei 6 22 8 7 S Normae 20 13 24 23 
R Crucis as 8 12 T Crucis 20 18 22 19 
T Crucis ' 9 8 RV Scorpii 20 21 22 7 
» Aquilae 7 15 10 O x Pavonis 21 3 24 22 
S Sagittae 8 12 11 22 Y Sagittarii 21 23 23 18 
RV Scorpii 8 18 10 4 7» Aquilae 21 23 24 8 
SU Cygni 8 20 10 4 S Muscae 22 3 25 14 
V Carinz 8 20 11 O V Carinae 22 4 24 8 
U Aquilae 8 21 11 1 STriang. Austr. 22 7 24 9 
T Velorum o % 10 16 U Aquilae 22 22 25 2 
V Centauri 9 13 11 O 6 Cephei 23 1 24 10 
S Triang. Austr. 9 16 11 18 V Velorum 23 4 24 3 
V Velorum 10 «1 11 O T Velorum 23 5 24 14 
W Geminorum 10 4 12 19 ¢Geminorum 23 12 28 12 
S Crucis 10 8 11 20 BLyre 24 O 27 2 
Y Sagittarii i0 10 12 & SU Cygni 24 5 25 13 
U Vulpeculae 10: 11 12 14 S Crucis 24 10 25 22 
S Normae 10 19 15 & RCrucis 24 14 25 23 
B Lyre i 14 4 U Sagittarii 24 17 27 16 
U Sagittarii su. 5S 14 4 S Sagittae 25 8 28 18 
Y Ophiuchi 11 21 18 2 W Geminorum 25 16 28 7 
W Sagittarii 11 23 14 23 V Centauri 26 0 27 11 
k Pavonis 12 Oo 15 19 X Sagittarii 26 8 29 5 
X Sagittarii i ae 15 4 U Vulpeculae 26 10 28 13 
5 Cephei 12 7 13 16 RV Scorpii 26 23 28 9 
S Muscae 12 11 15 22 W Sagittarii 27 4 30 4 
SU Cygni 12 16 14 O T Crucis 27 12 29 13 
R Crucis 12 23 14 8 V Velorum 27 13 28 12 
§ Geminorum 13 8 18 8 Y Sagittarii 27 17 29 12 
T Velorum 13 23 15 8 T Velorum 27 21 29 6 
T Crucis 14 1 16 2 SU Cygni 28 1 29 9 
V Velorum 14 10 15 9 6 Cephei 28 10 29 19 
n Aquilae 14 19 17 4 S Triang. Austr. 28 15 30 17 
RV Scorpii 14 20 16 6 V Carinae 28 21 31 1 
T Monocerotis 14 23 22 21 
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Variable Stars. 








U Cephei. 


Feb. 


Z Persei. 


en ase 
son” 


NYRR ee 
SON cIN Oo 


25 
27 


Minima of Variable 
[Given to the nearest hour in Greenwich 


Mean Time. 


Stars of the Algol Type. 


To reduce to Central Standard 


time subtract 6 hours, or for Eastern time subtract 5 hours, etc. 


h d h 
5 Feb. 16 21 


3 18 O 
15 19 4 
3 20 7 
15 21 10 
2 22 14 
14 23 (iT 
2 24 20 
14 25 23 
2 27 «63 
14 28 6 


V Puppis. 


Feb. 3 20 Feb. 1 14 
6 21 3 1 
9 23 4 12 
13 0 5 22 
16 1 7 i0 
19 3 8 20 
22 4 10 7 
25 5 11 18 
28 7 13 «O55 
14 16 
Algol. 16 3 
Feb. 2 12 17 14 
5 9 19 1 
8 6 20 12 
11 3 21 23 
14 0 23 9 
16 20 24 20 
19 17 26 7 
22 14 27 18 
es 
= - S Cancri. 
Feb. 10 7 
d Tauri. 19 19 
Feb. : = S Antliz. 
12 18 Feb. 1 9 
16 16 e «8 
20 15 3 Ff 
24 14 4 7 
28 13 5 6 
z 6 § 
R Canis Maj. > «6 
Feb. 2 3 8 4 
3.466 9 8 
4 9 10 3 
5 13 11 2 
6 16 a | 
7 19 13 1 
8 22 14 O 
10 2 14 23 
11 5 15 23 
12 8 16 22 
13 11 7 22 
14 15 18. 21 
15 18 19 20 


R Canis Maj. 


S Antliz. 6 Libre. 


d h d h 
Feb. 20 19 Feb. 1 i 
21 19 3 9 
22 18 & if 
ao [UF 8 1 
24 17 10 8 
25 16 12 16 
26 15 15 0 
27 15 17 8 
28 14 19 16 
S Velorum. on = 
Feb. 1 9 ~~ 
7 7 26 15 
13. 6 = Ss 
19 4 U Corone. 
25 2 + 
ie Feb. 2 8 
W. Urs. Maj. 5 14 
Period 9 1 
45 0U™ 128.8 12 12 
Feb. 1-28 13% 15 23 
19 9 
RR Velorum. 22 20 
Feb. 2 15 26 7 
; 7: R Are. 
@ 56 Feb. 2 10 
‘ 6 20 
11 22 7 
13 19 15 17 
15 15 20 3 
17 12 24 13 
19 8 28 23 
a 2 U Ophiuchi 
24 22 Feb. 1 14 
26 18 2 10 
28 15 3. 6 
Z Draconis. : a 
Feb. = » 5 18 
3.13 6 14 
4 22 7 ti 
6 6 s 7 
7 15 9 83 
9 0 9 23 
10 8 10 19 
11 17 ii 15 
13 1 3 ik 
14 10 13 7 
15 18 14 4 
ig 63 145 O 
18 12 15 20 
19 20 16 16 
21 5 a7 6&2 
a2 1i8 18 8 
23 22 19 4 
25 rj 20 O 
26 15 20 21 
28 O 21 if 


U Ophiuchi. 


d h 
Feb. 22 1: 
23 9 
24 #5 
25 1 
25 21 
26 17 
27 14 
28 10 
Z Herculis. 
d h 
Feb. 2 22 
4 #8 
6 11 
8 8 
10 11 
12 8 
14 11 
16 «68 
18 11 
20 ~ 
22 ti 
24 8 
26 10 
28 7 
RS Sagittarii. 
Feb. 1 8 
3 #18 
6 4 
8 14 
11 0 
13 10 
15 20 
18 6 
20 16 
23 2 
25 12 
27 22 


RX Herculis. 


Feb. 1 15 
2 13 
3 10 
4 7 
5 § 
6 2 
6 23 
7 21 
8 17 
9 16 

10 13 
11 10 
12 8 
13 5 
14 2 
15 0 
15 21 
16 18 
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Minima of Variable Stars of the Algol Type.—Continued. 


RX Herculis. RX Herculis. U Sagitte. SY Cygni. UW Cygni. 
d h d h d h d h d h 
Feb. 17 16 Feb. 27 10 Feb, 3 7 Feb. 8 O Feb. 4 4 
18 13 28. 8 6 16 14 0 7 15 
19 10 |. 10 1 , 20 1 ae 
a 2S Sa oe 13 10 ; 26 1, 14 12 
= ° 4 19 16 19 SW Cygni. 17 23 
2202 8 10 20 + Feb. 4.10 21 10 
23 O 12 0 23 13 9 “ O 24 21 
23 21 2s 26 26 22 13 14 28 7 
24+ 18 19 5 ist 4 
25 16 22 19 SY Cygni. 92 17 
26 13 26 10 Feb. 2 O a 





Maxima of Y Lyrz. 
Period 12" 03".9. The minimum occurs 1" 40” before the maximum. 





d h d h d h d h 
Feb. 1-7 18 Feb. 8-14 19 Feb. 15-24 20 Feb. 23-28 21 
Maxima of RZ Lyre. 
Period 12 16™ 15*.0. 

d h d h d h d h 

Feb. 1 2 Feb. 8 6 Feb. 15 9 Feb. 22 13 
2 2 9 6 16 10 23 14 

g 3 10 7 17 10 24 14 

4 83 11 7 18 11 25 15 

5 4 12 8 19 11 26 15 

6 4+ 13 8 20 12 27 16 

z 5 14 9 21 13 28 16 





New Algol Variable 165. 1904 Sagittarii.—This was discovered by 
Miss Leavitt on the Harvard photographs. Over three hundred plates were 
available in the Harvard collection for the study of this star and on twenty- 
eightsof them it was found to be fainter than its normal brightness, magnitude 
9.55. The photographs extend over the period from 1889 July 6 to 1904 Sept. 
28, so that the period may be pretty well determined. Professor Pickering gives 
the formula for the minimum as 

Min. = J. D. 2410002.677 + 3.45348 E. 
A secondary minimum occurs midway between those given by the formula. At 
the primary minimum the brightness appears to be somewhere between 10.5 and 
11.0 magnitude and at the secondary minimum approximately 9.8. The star is 
BD. — 15° 4905 and its position for 1855.0 is 

R. A. 18" 08™ 28°.9; Decl. — 15° 34’.0. 


The following list of comparison stars is given by Professor Pickering: 


B.D. Number x ¥ Mag. 
a — 15, 4908 + 358.8 738.0 9.00 
b — 15, 4906 _ 9.0 — 498.0 9.42 
¢ — 15, 4901 — 405.0 + 106.2 9.67 
d — 15, 4903 — 252.0 — 472.8 9.89 
e a + 612.0 — 682.8 10.49 
f — 15, 4914 +1251.0 — 363.6 10.77 
aaa — 306.0 —193.8 11.32 
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New Variables 166 and 167. 1904 Andromedze.—These are an- 
nounced in A. N. 3980 by Mr. K. Graff, of Hamburg. They are B.D. + 52°,3375 
and 3386 and their positions for 1855.0 are 

Mag. R. A. Decl. 

166. 1904 = BD. + 52°. 3375 9.4 235 03™ 03.58 + 52° 167.2 
167.1904 = BD. + 52 . 3386 9.1 23 05 00.5 +52 06.4 
They are near the variable 79.1901 Andromede and their variability was es- 
tablished by their being used with others as comparison stars for that suspected 
variable, during the years 1903 and 1904. The observations fail to show any 


decided variation in 79.1901 (= BD. + 52°, 3383), but bring out a variation of 


over a half a magnitude in each of the stars mentioned above. The period of 
166. 1904 is about eight or nine months, and that of 167.1904 is more definitely 
indicated as about 122 days. 





New Variables in the Nebula of Orion 168-182, 1904.—In A. N. 
3980 the numbers 168-182.1904 are assigned to new variables in the Orion 
Nebula. Nos. 168 and 169 were discovered by Dr. Isaac Roberts and announced 
hy him in Monthly Notices L, p. 316. Nos. 170-177 were discovered by Miss 
Leavitt in an examination of four photographs taken by Dr. Roberts on Feb. 4, 
1889, Jan. 15, 1896, Feb. 14, 1898 and Jan. 3, 1903. Nos. 178-182 were found 
by Mr. J. A. Parkhurst on photographs taken at the Yerkes Observatory. They 
are very faint stars near the Trapezium in the Great Nebula. 

This list makes a total of 133 variable stars which have been found within 
the limits of the Orion Nebula. Dr. Kreutz enumerates them as S, T 80-89. 1901, 
32-54. 1903, 8, 11, 36-107, 114-122, 168-182. 1904 Orionis. 





New Variables 183, 184. 1904.—Two new variables were discovered 
on the photographic plates obtained at Greenwich. Their positions for 1900.0 
are 


Designation. R. A. Decl. Magnitude. 
h m s . . 
183. 1904 Camelopardalis 8 14 05 +73 25.6 10.0 — 13.1 
184. 1904 Draconis 19 40 38 +80 42 ? 





New Variable 185.1904 Cephei.—This is announced by Prof. W. 
Ceraski in A. N. 3982 and was found by Mme. Ceraski on the photographs taken 
at Moscow. Its position is 

R. A. 1855.0 Decl. 1855.0 R.A. 1900.0 Decl. 1900.0 
h m ig “é h m = . 
21 43.1 +63 56 21 44.2 +64 O09 

The maximum appears to have been passed last August when the stars was 
about the 10th magnitude. On plates obtained in May 1898, October and No- 
vember 1899, August and September 1900, August and September 1901, Au- 
gust and September 1903, the variable is very faint or even invisible. 





New Variable Star 32 Cassiopeiz.—In A. J.569 Mr. J. Miller Barr, 
of St. Catharine’s, Ontario, Canada, announces the discovery of anew short 
period variable in Cassiopeia. The star is 32 Cassiopeia the northern of two 
nearly equal stars lying within the left hand opening of the W formed by the 
bright stars of Cassiopeia’s chair. The two stars, 32 and DM. + 63° 149 are 
rated as equal, 5.48 magnitude, in the Harvard Photometry. Mr. Barr finds 
that 32 is alternately brighter and fainter than the neighboring star and that 
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the range is about 0.4 magnitude ina period of very nearly eight hours. The 
change of brightness both before and after minimum is very rapid, occupying 
less than half an hour, while the duration of minimum, according to Mr. Barr’s 
light curve, is almost equal to that of the maximum. 





COMET AND ASTEROID NOTES. 


Encke’s Comet.—This has been quite easily seen with a small telescope 
during the past few weeks but is now close to the Sun as will appear by the fol- 
lowing ephemeris for the last days of December. 


EPHEMERIS OE ENCKE’S COMET. 


Berlin noon. m. A Decl. log r log A Aberration 
Time. 

1904. h m s ° <i h m 

Dec. 25 19 28 12 — 7 39.6 9.7524 0.6957 “ 7 
26 22 29 8 37.2 7382 .7000 10 

re 16 42 9 35.8 7236 .7236 13 

28 10 51 10 35.2 7087 .7110 16 

29 19 05 OO 11 365.3 6935 thee 20 

30 18 59 1 12 35.8 .6780 7254 25 

31 18 53 25 —13 36.5 9.6623 0.7337 4 30 





Rediscovery of Comet Tempel, 1873 I1L.—A cablegram from Kiel, 
Germany, to Harvard College Observatory announces that Tempel’s second 
periodic comet was observed by Javelle at Nice, France on Nov. 30. Its position 
was determined Dec. 1.2264 Greenwich M. T., R. A. 19" 40™ 23.56, Decl. — 24° 
46’ 18’. Coniel’s ephemeris, given in the December number of PopuLar 
ASTRONOMY is very nearly correct. On Dec. 1 it was almost due east from Venus 
and about 8° distant. On Jan. 1 the comet will be about 3° west and 6° south 
from Venus. It is however extremely faint and will probably not be seen with 
small instruments. 





New Asteroids.—The following have been added to the list of 


new minor 
planets since our last note: 


Discovered 


by at Local Mean Time. mA. Decl Mag. 
h m h m i 

1904 PG Wolf Heidelberg 1904 Nov. 13 848.0 439.9 +19 29 12.8 
PH Wolf i 13° 8 48.0 $43.7 +22 34 12.8 

PJ Wolf ie i3 12.2 156.3 +2447 13.0 

PK Wolf 1S. 12 19.2 5 08.5 +28 15 11.7 

PL Wolf fe: 16 158072 6517.8 +2815 12.2 

PM Wolf 7 1 15 67.2 5 29.2 +23 53 12.1 





GENERAL NOTES. 


Burnham’s Double Star Work.—We had the privilege recently of see- 
ing some of the proof sheets of S. W. Burnham's new double star catalogue. We 
are amazed and delighted to see and know how this work is being done. The 
pains-taking labor that is put on every page of it is characteristic of Mr. Burn- 
ham. The plan he is working on is more complete and ready of reference than any 
other we have knowledge of. It will take years to finish it, and volumes to con- 
tain it, but if Mr. Burnham lives to complete it, astronomy will have a history 
of that subject that will be standard in authority and scientifically classical for 
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alltime. His many friends will be pleased to know that he is in excellent health, 
and working prodigiously with the great 40-inch refractor of Yerkes Observa- 
tory on every night that he can get in verifying all doubtful points about the 
stars of his catalogue, filling in lacking measures and collecting all recent data 
for a full record of every binary or multiple star worthy of serious study. We 
anticipate for him many years of service in double star astronomy, in which he 
revels in perfect delight, often banishing sleep and food as unnecessary things be- 
cause they consume valuable time. A man of that stamp will have marvelous 
opportunity given him. 





The Leonids were observed at Providence on the morning of Nov. 15 
from 1:15 to 5:15 a.m. The following table shows the result by hours: 





Eastern Standard Time. Leonids. Non-Leonids. 

From 1:15 to 2:15 a. M. <8 9 
2:15 to 3:15 11 7 
3:15 to 4:15 17 6 
4:15 to 5:15 19 5 
Total 53 27 


The sky-wasclear throughout the night. Most of the meteors were re- 
corded as of the third or fourth magnitude. Three were estimated to be of the 
first magnitude and five of the second. 

The centre of the area of intersection obtained by producing backwards the 
trails of the fifty-three Leonids gives as the position of the radiant point, or the 
centre of the radiant area, declination + 22’ 0’, right ascension 9" 58", 

Of the non-Leonids, three seemed to indicate a radiant point in the vicinity 
of ¢ Tauri; four appeared to come from near 6 Geminornm; five from Canis 
Major, near a; and several from the region around \ and w Urse Majoris. 

FREDERICK SLOCUM. 

LADD OBSERVATORY, OF BROWN UNIVERSITY. 





Leonids Observed at Drake University.—Thinking you might be 
interested in our Leonid work here at Des Moines | enclose a chart of the princi- 
pal ones seen here on the mornings of Nov. 14 and 15 from 2:00 to 6:00 a. M, 

After rejecting doubtful ones Prof. Morehouse and I have on our charts the 
twenty-nine paths shown on the chart. The number according to magnitude is 


Mag. No. Mag. No. 
1.0 3 3.5 1 
2.0 8 4.0 3 
2.5 3 5.0 3 
3.0 7 6.0 2 


Those of the fifth and sixth magnitudes fall well within the radiant and 
were, in consequence, not the ones determining the size and position of the circle 
drawn. 

As it was impossible for us to keep the time of appearance correct to within 
¥% minute it will be of little value to number the paths and send the times. 

A peculiarity which is very noticeable is the two groups into which most of 
the paths fall, the one toward the south and the other toward the east. All those 
charted by Prof. Morehouse were entirely within this fourth quadrant; those on 
my charts were more evenly distributed. 

There seemed to be no distinct maxiinum. During both nights they seemed to 
come in groups of two or three within afew minutes of each other and then 
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none would appear for fifteen or twenty minutes. These groups came more 
frequently on the morning of the 15th than on the previous morning. 

Not a single meteor could be classed brighter than first magnitude and only 
one left a trail visible longer than one second, and that one remained in sight 
but ten seconds. E. A. FATH. 

Des Morngs, Ia. 





CHART OF METEORS OBSERVED AT DRAKE UNIVERSITY. 


The Leonids of 1904, at the University of Illinois.—Watch for 
Leonids was kept by the writer on Nov. 13, 14, and 15, 1904. The sky was 
clear, dark, and transparent throughout all three nights. I remained indoors 
and observed from a large east window. The watches were continuous except 
for a minute or two at the end of each half hour, when the results were re- 
corded. Following are the data of the half hourly counts: 
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Astronomical Central Standard Magnitudes of Leonids. Total Other 
Date, 1904. Time. Lecnids. Meteors. 


h m hm <i 1 2 3 4 
November 13 13 05—13 30 0) 0 0 0 0 10) 2 
13 30—14 00 O O O 0 0 0 3 
14 00—14 30 0 0 1 1 0 2 1 
14 30—15 00 0 0 2 1 1 + 6 
15 0O—15 30 0 0 1 1 O 2 é 
15 30—16 00 O O 1 3 1) 4 1 
16 00—16 30 O 0 O 1 2 & 2 
16 30—17 05 0 1 O 2 O < é 
Total in 4" 00™ 0 1 5 9 3 18 21 
14 13 0O0O—13 30 1 1 1 0 1 4 9 
13 30—14 00 0 O 0 O 0 0 5 
14 00O—14 30 O O 1 é 1 5 5 
14 30—15 OO 2 1 3 2 0 8 7 
15 OO— 15 30 0 1 3 1 O 5 3 
15 30—16 00 O 3 + 1 O 8 4 
16 O0O—16 30 O 1 1 4 2 8 7 
16 30—17 OO 1 1 2 1 1 6 2 
Total in 4" 00" 4 8 15 12 5 44 42 
15 12 50—13 30 0 O 0 y 2 4 5 
13 30—14 00 0 2 1 0 4 5 
14 OO—14 30 O 1 1 1 0 3 2 
14 30—15 OO 0 2 1 1 1 5 3 
15 00O—15 30 1 1 1 O 0 3 3 
15 30—16 00 0 0 2 0 0 2 1 
16 00—16 30 0 0 0 0 0 0 1 
16 30—17 OO 8) O 1 1 18) 2 0 
Total in 4° 10™ 2 4 8 6 3 23 20 
The observer's attention was fixed on the Sickle, and doubtful cases were 
classed with other meteors. Few faint Leonids were seen, although many of the 


others were estimated to be of the fifth magnitude. 

On November 13th a bright Leonid passed exactly over Mars, the effect be- 
ing very confusing fora moment. Part of the meteor seemed to have stopped, 
the planet appearing as a bright point in the train. 

One Leonid of the second night was estimated to be twenty or thirty times 
as bright as Venus. It started 10° east of the Sickle and left a train 5° long, 
which was visible for ten minutes, gradually growing diffuse and drifting toward 
the east. 

UNIVERSITY OF ILLINOIS OBSERVATORY, 

Ursana, Ill., Nov. 17, 1904. 


JOEL STEBBINS. 





The November Meteors of 1904.—Visual observations of the Leonids 
were made on the night of November 14-15, by Professor William H. Pickering, 
Professor Oliver C. Wendell, Mr. J. A. Dunne, Mr. H. R. Colson, and Mr. Leon 
Campbell, according to a plan proposed by Professor W. H. Pickering, who has 
prepared the following report:— 

“The night of November 14-15, was very clear at Cambridge, and five ob- 
servers took part in watching for the Leonids. One observer devoted most of 
his attention to recording for the others, from two to four of whom were con- 
stantly on the watch. Only the eastern half of the sky was covered. A sys- 
tematic search for Leonids had been made every year at the Harvard Observa- 
tory since 1897, with the exception of the year 1903. The largest number of 
meteors observed in a single night was in 1898, when with the aid of thirty ob- 
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servers, watching the whole sky, 781 was recorded. Three years later in 1901 
four observers counted 431 meteors in the eastern half of the sky. 

“Owing to the fact that the vear does not contain exactly 365 days, and also 
owing to the gradual advance of the node of the orbit of the meteors the shower 
appears about seven hours later each year. After an interval of three to four 
years we should therefore expect a return of the shower in any given longitude. 
Counting from 1898 as an origin the shower would not have been due before 
1905, but as an unusual number of Leonids was seen last year in England, it 
was expected that a considerable number might be observed here this year. In 
this we were not disappointed for 275 meteors were counted, 183 of which were 
Leonids, a much larger number than had been seen in any previous year save the 
two already mentioned. 

“The search began at twelve o'clock with two observers. Ten meteors were 
counted in the first 39 minutes, giving an hourly rate of 15. The rate steadily 
and rapidly increased until in the nine minutes preceding 14", with three observy- 
ers, the meteors were coming at the rate of 134 per hour. A fine shower seemed 
imminent, but suddenly the rate fell off, averaging only between 50 and 60 for 
the rest of the night. Apparently the Earth passed out of the denser portion of 
the swarm at about 14" Eastern Standard, or 19" G.M.T. It is possible that ob- 
servers to the east of us may have had a fine display this year, and if so, we 
shall expect more next November. 

“Beginning at 14" 30" an individual account was kept by each observer. 
The mean of these four accounts was taken, and the mean hourly rate for a 
single observer thereby determined. At 14"40™ this rate was 40 meteors per 
hour. At 15" it was 36 meteors, at 15" 20", 29 meteors, at 15" 40", 28 meteors, 
at 165 00", 26 meteors, at 16" 20", 25 meteors, at 16°40", 24 meteors, and at 
17" 00" it had again risen 28 meteors. 

“Thirty-five meteors were observed of the first magnitude or brighter, none 
however exceeding magnitude —2. Generally at the moment of explosion their 
heads were blue or white, but in at least two cases the color was clearly red or 
orange, indicating presumably a different chemical constitution. 

“The radiant obviously extended over a considerable area, perhaps 8° in 
diameter, and seemed to be double, many meteors coming from R.A. = 9" 56", 
Dec. = + 24°, and many more from R.A, = 99 40", Dec. = + 26 

WILLIAM H. PICKERING. 

Preparations for photographing the meteors, if large numbers of them ap- 
peared, had been made by Mr. King. The following plan was carried out during 
the latter part of the night, as the radiant point in Leo was below the horizon 
sarly in the evening. The 11-inch Draper Telescope was used in photographing 
the spectra of stars preceding the radiant point of the meteors, and in nearly the 
same declination. This was done so that, if a bright meteor crossed the field, 
its spectrum might be photographed, and that the lines might be at right angles 
to the spectrum. Photographs of the spectra of stars near the radiant point 
were taken with the 8-inch Draper Telescope, since the slow motion of meteors in 
that portion of the sky would permit fainter objects to be photographed. The 
Cooke Anastigmat, and the Ross-Zeiss wide angle lenses were kept at work 
photographing the region including the radiant point. Photographsof the stars. 
crossing the meridian were also taken all night, as usual, with the transit pho- 
tometer. Besides these instruments which are regularly in use throughout every 
clear night, two telescopes, one having a second Cooke Anastigmat with an ob- 
jective prism, and the other a Morrison wide angle lens, were directed to the 
zenith. 

Notwithstanding the large portion of the sky covered by these photographs, 
the trail of only one Leonid was found on them. The positions, for 1855, of its 
two ends are R.A. = 9" 17™.2, Dec. = + 28° 57’, and R.A. = + 9" 8.8, Dec. = 
+ 29°52’. A more careful measure showed that the meteor passed through a 
point whose position is R.A. = 9° 57".0, Dec. = + 24° 14’. The right ascension 
was assumed, and the average deviation of the measures of the declination was 
only + 1’. It will be seen, therefore, that the radiant point was not only north 
of that found in Volume XLI, No. V, but north of that given by Denning, 
+ 23°.1. <A bright meteor was seen by Mr. King a little before three o’clock, in 
Leo near the ‘Sickle,’ but no sign of it appears on the plates exposed at that 
time with the Cooke and Ross-Zeiss lenses. It may perhaps, therefore, be in- 
ferred from this, that it is at present only possible to photograph meteors which 
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are moving slowly, or are unusually bright. A second, much brighter and 
longer, meteor trail was photographed early in the evening. The positions, for 
1855, of its twoends are R.A = 4" 52".5, Dec. = + 0° 52’, and R.A. 5° 10.7, 
Dec. = — 4° 39’. It was therefore not a Leonid. 
Circular No. 89, 
HARVARD COLLEGE OBSERVATORY, 
CAMBRIDGE, Mass. 


EDWARD C. PICKERING. 





Fireside Astronomy.--The articles that make up this little book first 
appeared in the “English Mechanic and World of Science,”’ the aim of the author, 
D. W. Horner, being mainly to point out certain popular errors, into which per- 
sons of good general education frequently fall. It is a book to be read, not 
studied like a text-book. The author has meant it merely as an entertaining 
story, in plain language, about some of the important things of astronomy that 
a general reader might be expected to know: so he talks about celestial phenom- 
ena observed from the Earth, those seen on the Sun, the Moon, the planets 
separately, comets and meteors and the constellations. This neat little paper- 
covered book of 105 pages with ten illustrations might well have a place in the 
family library. It is published by Witherby & Company, 326 High Holborn, W. 
C. London. Its price is one shilling six pence, net. 


PUBLISHER’S NOTICES. 


Contributors are asked to prepare copy caretully, and write all proper 
names very plainly. If other language than the English is vsed to any consider- 
able extent it should be type-written. Manuscript to be r_:urned should be ac- 
companied by postage for that purpose. 

All Drawings for publication should be done in India ink, twice the size 
that the cut will be on the printed page. The lines, figures and letters should be 
made even, very smooth and uniformly black in every part of the copy, in order 
to secure the best reproductions possible by the modern quick processes of en- 
graving now most generally used. 

Proofs will generally be sent to authors living in the United States, if copy 
is furnished before the tenth of the month preceding that of publication. We 
greatly prefer that authors should read their own proofs, and we will faithfully 
see that all corrections are made in the final proofs. 

Renewals.—Notices of expiration of subscription are sent directly after 
the last number of this publication for which payment has been made. It is 
especially requested that subscribers will send renewal, or order for renewal 


“ag Ie as this publication will not be continued beyond the time for which it 
as been ordered. 





Astronomical News.—It is very much desired onthe part of the manage- 
ment, that brief news paragraphs of astronomical work in all the leading obser- 
vatories of the United States be furnished to this publication, as regularly and as 
otten as possible. 


The building and equipping of new observatories, the manufacture, sale or 
purchase of new astronomical instruments, with special reference to improve- 
ments and new designs, and the results of new methods of work in popular 
language, will be deemed very important matter and will receive prompt atten- 
tion. It is greatly desired that all persons interested bear us in mind and 
promptly respond to these requests. 

Messrs. Wm. Wesley & Son, 28 Essex Street, Strand, London, England, 
are our sole European agents. 

Reprints of articles for authors, when desired, will be furnished in titled 
paper covers at small cost. Persons wanting reprints should order them when 
the manuscript is sent to the publisher. They cannot be furnished later with- 
out incurring much greater expense. 

Subscription Price to Popular Astronomy in the United States, Can- 
ada and Mexico is $2.50 per volume of 10 consecutive numbers. Price per vol- 
ume of 10 numbers to foreign subscribers $3.00. 

All correspondence and all remittances should be sent to 

Wm. W. Payne, 
Northfield, Minn., U.S. A. 

















